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CANADIAN PETROLEUM ASSOCIATION 


BRIEFS LO 


ENVIRONMENT CONSERVATION AUTHORITY 


Introduction & Policy Statement 


The series of public hearings on the Environmental 
Effects of the Operation of Sulphur Extraction Gas Plants 
in Alberta was announced by the chairman of the Environment 
ConservationsAuthonity -)DruWe R.iTrost.onwuly.1 4.) 1972. 
The prospectus for public hearings, which was included in 
the announcement stated in part: 

The Authority hopes that some briefs will be able to 

provide first hand or specialized information on 

particular aspects of the subject about which general 
knowledge is deficient, or where misconceptions might 


be considered to exist. 


Factual information or data on cause/effect relation- 
ships connected with the operation of gas plants and 
their transmission lines, would be of particular inter- 


est. 


It is in response to these two general requests that 
the members of the Canadian Petroleum Association has 
directed the major portion of their brief. 

More specifically, our brief considers each of the 
sixteen points, which the two consultants for the Environ- 
ment Conservation Authority, Dr. William MacDonald and 
Dr. Roger Klemn, accepted as their terms of reference, in 


preparing their "resume of the sour gas industry and its 


Digitized by the Internet Archive 
in 2024 with funding from 
Legislative Assembly of Alberta - Alberta Legislature Library 


https://archive.org/details/ableg_33398001351641 


attendant impact upon the province of Alberta". The authors 
(MacDonald and Klemn) have admirably accomplished their 
stated purpose viz. - "to outline the present situation in 
Alberta concerning sulphur extraction plants and to describe 
the present technology employed in sulphur extraction". 

Certainly, in light of the short two and one-half months 
allotted the authors to gather the information on such a 
broad subject they have performed a creditable job. 

While one may well question, in an environmental effects 


investigation, the relevancy of such matters as: 


(i) foreign ownerships of both plants' operating and 


construction companies, or 


(519) the few personnel directly employed in the highly 
automated process industry versus the older and 


highly labor intensive manufacturing industries, 


the CPA Committee has addressed itself to the Environmental 


and Technical aspects of the Status Report. 


The Canadian Petroleum Association represents some 191 
oil and gas exploration and producing companies in the 


province of Alberta. 


The association's Environmental Conservation Policy 
clearly states our desire to participate in public hearings 
such as this, in order that we may assist the Environment 
Conservation Authority as they enquire into all affects on 
the environment of the operation of sulphur extraction plants 


and review all legislation pertaining thereto. 
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ENVIRONMENTAL CONSERVATION 


Statement of Policy 


ie 
CANADIAN PETROLEUM ASSOCIATION 


The Canadian Petroleum Association fully supports and 
encourages efforts to prevent pollution and conserve 


Canada's environmental resources. 


The Association believes the responsibility for pro- 
tecting our environmental resources should be shared 
by individual citizens, business and industry and 


municipal, provincial and federal governments. 


The Association supports the efforts of Federal and 
Provincial governments to continually reappraise 
standards for conservation of air, water and soil 
resources. The Association believes that the federal 
government can provide general guidelines and minimum 
standards, but that the provincial governments should 
establish environmental regulations and standards 
which are applicable to specific local circumstances 


within that provincial government's jurisdiction. 


The Association endorses intensive, cooperative 
government, industry and university study of environ- 
mental conservation. The Association believes that 
thorough study of all scientific, economic and social 
factors is the only sound and responsible basis for 


environmental regulations and standards. 
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5. The Association pledges continued cooperation with all 
levels of government to seek practical standards to 
assure effective and economic utilization and conserva- 
tion of our environmental resources. The Association 
welcomes any opportunity to review proposed legisla- 
tion and prepare constructive comments for considera- 
tion by governmental authorities. 


6, The Association is pleased to act on behalf of the 
Canadian exploration, development, production and 
pipeline segments of the petroleum industry in support 


Sethe DOLLCy . 


Approved by the Board of Governors, January 20, 1970. 
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SUMMARY 


In the preparation of this brief the Canadian Petroleum 
Association engaged the services of five consultants to study 
and report on the environmental impact of Sulphur Recovery 
Plants in the province of Alberta. The results of the con- 
sultant's investigations, combined with those of an “in-house" 
study by a special task force of the CPA's Environmental 
Conservation Committee, constitute our sub*ission. 


The initial section of the report considers briefly the 
"Industry", in terms of its history and economic benefits to 
the province, and somewhat more extensively the industrial 
practices as they relate to the welfare of operating personnel 
and to the protection of the environment beyond the plant 
boundaries. 


The brief next considers the consultant's reports, which 
include extensive literature searches as well as personal 
investigations of the effects of sulphur dioxide on vegeta- 
tion, animal life and human welfare. These data were subse- 
quently used to assess Air Quality Standards and the Legisla- 
tion pertaining thereto in the ensuing sections of the brief. 
This assessment indicated that the legislation governing the 
Sulphur Recovery Industry is presently adequate to protect 
the environment. 


An intensive evaluation of the methods employed in stack 
design for various conditions illustrated that the present 
methods constitute a sound design basis. 


The effectiveness of the incinerator stack is continuous- 
ly monitored to ensure that the established air quality stand- 
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ards are being achieved. Outlined in the brief are several 
promising new techniques for rapid assessment of environmental 
reaction, along with methods to assist in differentiating 


between natural and induced vegetation stresses. 


Finally, the brief presents some indication of the ex- 
tensive research programs both within the industry and by 
industry sponsored research groups to further technological 
advances. 
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CONCLUSIONS 


Natural gas processing plants with sulphur extraction 
facilities are a vital segment of the primary resource 
industry of Alberta. 62 such plants exist in the 
province and it is estimated that the investment for 
their construction totals over $600 million. These 
plants are responsible for an annual direct operating 
monetary flow of about $50 MM for payroll, supplies, 
municipal taxes, etc. In addition to their provincial 
impact, such plants are also important on the national 
scene. They provide other industries with reliable 
and economic supplies of fuel and petroleum products, 
and they purchase large quantities of manufactured 
products of all types. 


The industry maintains up-to-date awareness of the 
latest technology as it concerns the conservation of 
the environment, and will continue to apply this 


technology to plant operations. 


The sulphur industry is operating under strict regula- 
tions and supervision by both sulphur plant operators 
and the government. Emission monitoring and control 
procedures are effective in assuring satisfactory 


ground level concentrations. 


The present Alberta Ambient Air Quality Standards with 
respect to sulphur dioxide and hydrogen sulphide are 
comparable to the national, and most international 
standards, which are designed to protect vegetation, 


animal life and human well-being. 
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The safety performance records 
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RECOMMENDATIONS 


The Canadian Petroleum Association recommends retention 
of the present Alberta Ambient Air Quality Standards for 
so. and Hos. 

The Department of the Environment, in conjunction with 
industry, should be responsible for developing Ambient 
Air Quality Standards in accordance with scientifically 
established criteria. The Energy Resources Conservation 
Board should be responsible for the enforcement of air 
quality within these standards for the industry without 


resorting to additional restrictive standards. 


Measured ground level concentrations of sulphur compounds 
should be the sole consideration in limiting emissions of 
waste gases. Air Quality Standards should be maintained 
through ambient air monitoring and not through restrictions 
on the concentration of sulphur dioxide in the stack or 


through the specification of sulphur recovery efficiencies. 


Present methods employed by the Energy Resources Conserva- 
tion Board for predicting ground level concentrations of 
SO, for specific stack conditions are adequate for rela- 
tively flat terrain and normal meteorological conditions 
and should be retained. More complex analyses of ground 
level concentration is recommended where unique topograph- 


ical or meteorological features exist. 
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I THE INDUSTRY 


A. HISTORY 


Alberta's first gas plant (with sour gas removal facilities) 
was constructed in Turner Valley in 1933 for the conservation of 
solution gas. In 1951 the Jumping Pound plant went on line and 
became the first plant to produce elemental sulphur in the pro- 
vince. Since that time sour gas production has increased to the 
present volume where gas from plants of this type comprises more 


than one=half of Alberta's natural gas production. 


Whether measured by provincial, national or world standards, 
our gas industry is big and sour gas processing is a Significant 
portion of this industry. In 1970 Alberta produced more natural 
gas than any American State with the exception of Louisiana and 
Texas. Total 1971 Canadian production was 5,270 MMCFD of natural 
gas, of which Alberta produced 4,400 MMCFD or 83%. More than 55% 


of Alberta's gas production was from plants processing sour gas. 


Figure I-1 through I-5 and Table I-1 show the growth and 


uses of Alberta and Canadian natural gas. 
Br FUTURE TRENDS 


It 18 tGeadily apparent that the reserves of petroleum, 
natural gas and sulphur in the province of Alberta are limited 
and finite. The ERCB has estimated that the marketable re- 
serves of sulphur in sour natural gas will increase from the 
present 180 MMLT to about 240 MMLT in 1980, see Figure I-6. 
During this period sulphur production is expected to increase 


from 4.5 MMLT/year to about 10 MMLT/year. 


Based on the current average sulphur recovery efficiency 


of 95%+, sulphur emissions in Alberta were 600 LTD. (.22 MMLT/ 
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1970 ALBERTA SULPHUR EXPORTS — ‘000 LONG TONS 
Sulphur shipments from Alberta to: 


Other parts of Canada 375 
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Source: Alberta Energy Resources 
Conservation Board. 
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GAS PLANT CAPACITIES (1956 - 1971) 


Raw Gas 
Gas 

MiVice/D_ 
13,670 
10,722 
10,050 
8,800 
8,300 
6,600 
6,100 
15200 
450 


( "OILWEEK" Jan. 24,1972, Page 42 ) 


RESIDUE 
GA 


S 
e 


11,560 
9,490 
8,911 
7,10 
7,300 
9200 
5-200 
1,700 

300 


PENTANES 
PLUS 


260,100 
10,823 
161,747 
144,300 
127 500 
121,00 
12,00 
24,500 
5/00 


PROPANE 
ete) Dies 


118,400 
00,2410 
80,510 
73,200 
58,300 
52,200 
49,000 
10,100 

4,300 


BUTANE 
_B/D 


72,50 


spay G 


47,169 
43,500 
39,300 
33,800 
30,600 

7,700 

3.200 


SULPHUR 


LONG TONS/DAY 
24,70 
5,26 
14,530 
12,1/0 
10,600 

8,155 
7,10 
1,300 

12/ 


Table I - | 


y; 


pARane cea 
BeeER Seba Rh fF 


" - _e 
. - a 
& ; 


en 


m*: 06S, (a oe 


7 / 
RERE 
oo tiie 


— — 


year) during 1971. This is equivalent to 3 lbs/acre when 
distributed over the province. Sulphur distribution at this 
rate is insufficient for arable areas to offset sulphur lost 


from the soil by removal of crops. 


Projected sulphur emissions in Canada for 1970, 1975 and 
1980 are detailed in Table I-2. Presently sulphur emissions 
from sour gas plants constitute about 6% of the total Canadian 
emission of sulphur. Table I-3 lists world-wide emissions of 
Sulphur dioxide according to source while Figure I-7 illustrates 
comparative sources of SO. in the U.S.A. The sour gas industry 
is included under the section marked "other". Figure I-8 shows 
the historical phases of sulphur production and Figure I-9 
demonstrates recovered sulphur production from 1950 to 1971 in 


Canada, U.S.A. and France. 


Exploration for new gaS reserves in areas prone to 
sour gas (particularly in deep horizons and in the foothills 
area) is being inhibited by the poor rate of return that can 
be anticipated by any development follow-up. Development of 
reserves of sour gas may be restricted because of the consid- 
erable investment required to produce pipeline gas and low 


priced sulphur from such reserves. 


Furthermore recent regulatory changes by the Energy 
Resources Conservation Board on plant sulphur recovery effi- 
ciency will increase sulphur plant costs very signficantly 
and delay the day of development of additional gas reserves. 
Tables I-4 and I-5 briefly detail the economics of two 
existing field facilities and includes the probable invest- 


ments required to meet ERCB sulphur recovery efficiency levels. 


The Harmattan Leduc D-3 plant produces 7 MMCFD of sales 
gas and 480 LTD of sulphur from field gas containing 53% HS. 


Presently this plant is operating at a loss of approximately 
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$90,000/year. Addition of tail gas cleanup to recover 
98% of the sulphur will cost approximately $1.2 MM and 
will increase the operating losses to $210,000/year. 


The East Crossfield Plant processes gas from the D-1l 
formation and produces 55 MMCFD of sales gas and 1570 LTD 
of sulphur. The plant has been in operation for more than 
four years and is still paying out the owner's original 
investment. 
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WORLD-WIDE ANNUAL EMISSIONS OF SULPHUR DIOXIDE 
(as cale’d. for 1965) 


(Galic da 
SO, Emission as S) 
million % of 
Source long tons total 
Coal* 453 70. 
Petroleum Combustion 
Gasoline 0.16 0.25 
Kerosene | 0.11 Oho 2b7/ 
Distillate 0.90 1.4 
Residual 9.05 13.9 
Petroleum Refining 7A oye Sh50) 
Smelting** 
Copper Sy5 ts] 
Lead 0.67 
Zinc 0.59 0.9 
Total 65nd 100. 


*Includes lignite. 
**Excludes nickel smelting (figures not available). 


Calc'd. from: 
E. Robinson & E.C. Robbins, 
Stanford Research Institute 


(? ) 


Table |- 3 


fat #7) 


f 
tse 


to 
J , 227008 
ot 2% ®i803 
dolseudeod avaiorz3e$ 
#£.0 ereo eniicas®, 
tt.o0 1.0 enscored 
é.f 02.0 etalltze2¢ 
@ £1 ; 20.¢ leudteak 
@,£ té.t guiatiat susiosset 
eegci2teu? : a - 
es 6.8 | teed 
: 0.2 ta.0 heed 
ae @2,0 ooh} 
60! £.2? LetotT i . . 


pohegit aebufaal® 
-(oldetieva gon apszugh?) gatefece izdojy esbatoan* 


twos? .b'olsd 
ry ersdded «2.0 8 monwtdok .s 
\ "Sesustzenl sesaces’ Weoliees2 


SO, EMISSIONS IN MILLIONS OF TONS (annually) 


COMPARATIVE SOURCES 
OF SO2 - USA. 
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TABLE I-4 


Harmattan Leduc D-3 Field and Gas Processing Plant Economics 


Initial Investment $12.8 MM 
Includes development, drilling, lease 
aquisition costs, gas gathering systems, 


wellsites, gas plant and sulphur plant.) 


Tail Gas Cleanup (projected) ere ute 
TOTAL INVESTMENT $14.0 MM 
Revenues to December 1970 $23 MM 
Operating Costs to December 1970 7 MM 
NET REVENUES 16 MM 
Return after payout of investments 2 MM 
Present Income 1.4 MM 
Present Operating Costs 1.5 MM 
Annual Loss 90,000 


Projected Tail Gas Plant 
(Annual Operations) 120,000 


From Application #6188 to the ERCB 
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East Crossfield D-1 Gas Processing Plant Economics 


Development drilling 

Dry Hole Cost (Industry average) 
Lease Aquisition 

Gas Gathering System & wellsite 
Gas Processing Plant 

Sulphur Plant 


Total Development 


Tail Gas Cleanup (projected) 


Projected Total 


Net Investment recovered by 


December 1971 


Annual Revenue (1971) before 


Tax and Royalties 


Annual Operating Costs (1971) 


Annual Operating Cost Tail End 
Plant (projected) 


$ 42.5 MM 


$ 31.5 MM 
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Cs ECONOMICS 
8 PLANT ECONOMICS 


Production statistics for 1971 indicate that more than 
55% of the gas processed in Alberta is obtained from sour 
gas fields. Sour gas and its attendant sulphur plants are 
an important segment of the Alberta and Canadian energy 
scene. Unfortunately, however, at the present gas and sulphur 
prices sour gas plants have become less and less attractive 


from an economics viewpoint. 


Revenues to be received from condensate, LPG and natural 
gas can be estimated with a satisfactory degree of accuracy 
for the evaluation of a gas processing plant investment. Plants 
processing sour gas however, and receiving a considerable portion 
of their revenue from the sale of sulphur pose a prediction 
dilemma. The per cent of the total plant income from sulphur 
production increases as the gas increases in acid gas content 
and as the gas become dryer. At present sulphur prices, very 
sour natural gas decreases the quantity of residual gas and 
L.P.G.'s available for sale and at moderate to high concentra- 
tions is capable of reducing income to the point of making the 
projected operation an economic failure. Industry and indeed 
company estimates are at considerable variance concerning the 
future price of sulphur. The present price performances of 
sulphur Figure I-10 and the projected future growing over- 
supply (Figures I-11,12) are considerations which indicate no 


early increase in sulphur prices is to be expected. 
2. ECONOMIC BENEFITS TO ALBERTA 


The benefits to Alberta from the natural gas industry are 
well documented. Expenditures in the province during 1971 are 
detailed below. For 1971 gross production revenues from natural 


gas were $465 MM or 30% of the petroleum industry revenue of 
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SULPHUR PRICE — Dollars per long ton, net at plant. 
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Source: Alberta Energy Resources 
Conservation Board. 


Figure 1-10 
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PRESENT & PROJECTED ALBERTA 
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Source: Alberta Energy Resources 
Conservation Board. 
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NATURAL GAS INDUSTRY REVENUES AND EXPENDITURES 1971 


REVENUES 19°72 
1971 EXPENDITURES 
EXPLORATION $26* 
DEVELOPMENT 12* 
LAND 18% 
NATURAL GAS $263 MM PRODUCTION 
FACILITIES 16* 
GAS LIQUIDS 183 GAS PLANTS 207 
SULPHUR 19 PRODUCTION 
COSTS 64** 
ROYALTIES 59** 
OTHER 30%** 
$465 MM $432 MM 


“s Based on industry expenditures Oilweek February 21, 1972 


prorated to natural gas on the basis of reserves discovered 


** Based on industry expenditures Oilweek February 21, 1972 


prorated to natural gas on the basis of production value. 


A major portion of industry expenditures are made in 
Alberta and create jobs not only in the industry but also 
through the "multiplier" effect for Canadians and Albertans. 
Apstudy Of -E. J. Hanson, Professor of Economics at the Uni- 
versity of Alberta in 1966 concluded that the petroleum industry 
directly and indirectly was responsible for generating 47% of 
the total personal income of Albertans in 1964. The increase 
over the years in the contributions by the petroleum industry 


to personal income is illustrated in the following Table: 


IVRi 22 


ives aauMaVas 
aaau'TLOneIxg . AOL 
*oSe fOlLTAXOIIES 
eg nusaMsoOls vad 
“Bu CUAL 
VOTTOUGOAS MM EOS? 24D LAAUTAM 
"OL agITIaroa 
mg. aTvAd? BAD £81 . sarupis BAB. * — 
“HOLToudoHrA er 21THO.It 
‘ba avaod ij 
ePOg ac rtwAyor ' 
AOE ASHTO 
et "* 
MM SER2 MM 2@ap2 , rr. 


Sver (LS yrevadst JoaaewltO 2o1w 3 t6neqxs yiteubar ao bensé. 

bsscvopalp sevisees to .eltesd ors ap esp fetsean oF ey 

ST@Ll iS yrsentiol Asoewlio essudtbnegxe yisevbar no beesa * 

sulsv notdoubotg 16 eiesd oft no asp leunden oF Sess107q | 

: Gy a 

at shem sxe eexvdibneqxs yzteubat to nokszog zofam A 

Oeis tod’ ysseubni ont at yiao Jon adog a3BS79 bap 4 

\anptued{A bas aneldsns. x07 399279 "ieligtiium” od? 5 , 

-inU off 48 estmonood 2c 10eRsd017 ,noansH +h 3 =a 
Yttanbas musioxssq odd todd bebtetoime: ota a at 


; 


PERCENT OF TOTAL PERSONAL INCOME IN ALBERTA 


INDUSTRY | 1947 1952 19573 LOGAS © 
PETROLEUM 5 28 45 47 
AGRICULTURE Ls) 56 37 ope 
OTHER 20 16 Ags: Tey 
100 100 100 100 


Reference: E. J. Hanson, Regional Employment and Income 
Effects of the Petroleum Industry in Alberta. 


We would estimate that currently 50% of personal income 
in Alberta has as its base the petroleum industry and that 
30% of this figure is attributable to the gas producing and 


processing segment. 


Presently oil and natural gas revenues constitute 21% 
of the gross provincial product while 30% of the revenue 
raised by the provincial government from within the province 


is supplied by the oil and gas industry. 


D. INDUSTRY SAFE OPERATING PRACTISES 
uP GENERAL 


All drilling and production operations whether they pertain 
to hydrogen sulfide involvement or not, are subject to both govern- 
ment regulations and company standards and practices. Regulations 
governing drilling, production and pipelines are administered by 
the Energy Resources Conservation Board. Operations within 
forested areas are scrutinized by the Department of Lands and 
Forests. The Department of the Environment has jurisdiction 
over phases of drilling and production operations as they 


affect the environment. Regulations of these three government 
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bodies cover safety aspects and prudent operation of wells and 
Pipelines to minimize environmental disturbances and maximize 
environmental protection. The gas industry has developed and 

uses many programs and standards in excess of the general government 
standards to provide for the safety of personnel, residents of 


the area, and for the protection of the environment. 
PR DRILLING 


During drilling, contamination of potable subsurface water 
is prevented by installing and cementing surface casing to a 
depth below the zone of interest or at least equivalent to 
10% of the well's projected depth. Surface pollution from 
the drilling operation is prevented by maintaining proper 
drilling fluid systems, by the use of blowout preventers, and 
by adequately disposing of mud, cuttings and debris native to 


the operation. 


Mud properties are carefully controlled to maintain an 
optimum drilling rate and still control formation pressures. 
If a blowout (formation fluid flowing into the well bore) 
occurs, the drilling rig is equipped with blowout preventers 
which can be closed to shut in the well. On completion of the 
well the drilling fluid is separated into liquid and solid por- 
tions. The liquid is approved for disposal based on the chemi- 
cal composition following treatment. The dried solids are 
buried in the mud storage pit and the drilling site is restored 
subject to ERCB, Department of Lands and Forests and Depart- 


ment of Environment approval. 
Shr PRODUCTION OPERATIONS 


In dealing with very sour wells employees work in pairs 
with emergency equipment available in their truck. Some opera- 
tions have regular radio checks to keep the plant office in 


touch with field personnel. 
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Recent regulations by the ERCB require that safety 
shutdown valves be installed in the tubing of sour gas wells. 
These valves must be located at least 100 feet below the 
surface and automatically shut off the tubing in the event of 
uncontrolled rates of flow. In addition, sour gas wells are 
equipped as required with low and high pressure actuated 
shutdown valves on the well head to protect the transmission 
line from excessive pressures and to shut in the well in the 


event of a line failure. 
4. PIPELINE 


The pipelines which transport the well bore fluids to the 
plant may be subject to failure caused by excessive pressure, 
corrosion, both interior and exterior, and mechanical inter- 


ference. 


Specifications for pipe for sour service are quite rigid. 
Experiments and experience have provided metallurgy and testing 
techniques which are used by the industry to provide safe and 
efficient sour gas transmission. These include pipe material 
specifications, hardness, manufacturing processes, welding 


techniques and inspection, such as X-ray and pressure testing. 


Virtually all sour gas pipelines are externally coated and 
cathodically protected to minimize exterior corrosion. Interior 
corrosion is controlled by use of one of many types ‘of corrosion 
inhibitors injected into the pipeline or peridoically batched 
through it. As corrosion cannot be completely controlled, op- 
erators carry out extensive corrosion monitoring programs. 
Corrosion coupons and hydrogen probes are used to measure in- 
terior corrosion rates and evaluate inhibitor programs. Bell 
holes, ultrasonic and X-ray inspection are used to monitor 


interior and exterior corrosion. Test spools are also used. 


véeten tals exiupos €2H5 ‘si ar, kee oe Vee 
ua baessp | 5 at ay wane ‘i ms Sintec Gaal \ 
woled | me sei 

Yo gneve wd at peldiis aid re testamo f . 

ers allow epp soe yao Sagat . 
betsudss swweeesg dpid bee wor aie ‘ase 
colsetmeneise edd tootorg of best ifew ond ao eeviev nwobjuda ~ 
oft mi ILow orft mi tude ot Bas aetveaszq avidesous mox? salt 
-v1ulis? eail s Io jneve 


- 
a Ls 
. 


= 


ot of ebinils axod (low edt sxoqenert doirw aenifegiq off | ~— 
\Stwweexe ovieswans yd beaues exiket o2 tostdie ed yent Jastg 1) 
-qovnd Inyiositogin bac robtesks ns xolietnk A4od \otworxoo” 
i -sonetst 


.bipian siitup sxc §civise woe 10% eciq sot anpkdsoiticegs 
piiidaes Bas yyxuliadem Bebivorg Svs eoasizeqxe bas einombsegxa © 
bas sise sbhivoig 6% vidavbot sd¥ yd Bean exe foirw aeupinfoss ee 
Latrotem extq cbufost beet? .aolentmanett asp auoa astolte | 
wishiaw ,zeereosg priassostunem ,e2ccbred ,enolisottiosgs | 
-pritnods exverneia bus yei-X 26 dove \aolsosqeni bas eeupiniosst” 


- 
7 
bas Sete0° yilamsedxe sxs eenifeaqty asp awoe Lie yilavssziv ‘an 
sotisdal .moksexi0o toltetus eiiminim 09 bexaedo1g yiIsoibodses "%s 
fokeorx0s % segyd yanm YO eno 2o eet yd belfextaos at noteorz0D | 
berited ylle>lobiteg 10 eatiegiq edt otmt betostni erostdidak 
“sation are of Seam etn -32 dppomdy 

- aMBIPOIG erenaians yuo yx182 e103878) 

yi Bas eanoquos noleor109 
% @et61 soteorz0o2 10lzs7 


89.01 


TABLE I - 6 


WORKMEN'S COMPENSATION BOARD ASSESSMENT RATES 


1972 ( per $100 of payroll) 


Underground coal mining 
Logging, pulp and paper 
Lumber mills 

Farming 

Highway construction 

General oilfield construction 
Painting, plastering 

Oilfield service 

Plumbing 

Employment by towns, villages 


Employment by cities 


Garage and service stations, auto 


Hotels, restaurants, drive-ins,catering 


Refineries, absorption plants 


includes gas plants 
Rerietiee cae ou 


Hardware, sporting goods stores 


Department stores, drug stores 


Operation of gas or oil wells 
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Regular leak detection surveys are also carried out. 
De PLANT OPERATIONS 
a. General 


Gas processing plants are potentially dangerous work 
environments. The plants handle inflammable, poisonous fluids 
under high pressure, using high voltage electrical equipment, 
heavy equipment and rotating machinery, steam and chemicals. 

The gas industry and government have recognized these potential 
hazards and have set up stringent regulations and extensive 
safety programs that have succeeded in minimizing plant health 
hazards and accidents. The Workmen's Compensation Board assess- 
ment rates, Table I-6, are a reflection of the costs of accidents 
and are directly related to the severity and number of accidents 
in various industries. The sour gas processor have always em- 
phasized safety and the low assessments for gas plants indicate 


that this policy has been successful. 


Some gases are recognized as dangerous substances to be 
handled with respect. Every company working with very sour 
gas gives their personnel instruction and training on the 
detection of HS, rescue, Safety and first aid procedures, as 
well as training to deal with any plant or field emergency 
involving this gas. Safety and rescue equipment must readily 
accessible, and periodically checked to insure that it functions 
properly. Safety drills are conducted to simulate emergency 
situations to familiarize personnel with corrective measures. 
Every plant processing sour gas is required to have an emergency 
procedure to deal with an uncontrolled flow of sour gas to pro- 


tect personnel, area residents and process or field equipment. 


Principle hazards in gas plants are failure of pressure 


equipment, fire, electrical shock, mechanical equipment failure, 
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HoS inhalations, chemical burns or inhalation and noise. 

Plant safety is concerned with prevention of accidents and 
minimizing the effects of accidents. Following are references 
to critical plant areas of concern. 


(b) Explosions and Fire 


A number of professional and governmental agencies have 
regulations and procedures for the standards of construction, 
among these are the Alberta Boilers Branch, American Society 
of Mechanical Engineers, American Petroleum Institute, American 
Society for Testing Materials, National Building Code, Canadian 
Electrical Code, Alberta Electrical Code, Canadian Standards 
Association, American Standards Association, American National 
Standards Institute, Canadian Insurance Underwriters, Workmen's 
Compensation Board and Department of Labor. These groups set 
standards for pipes, valves, fittings, vessel design and fabri- 
cation, instaliation, testing and maintenance. In addition, 

a regular program of corrosion control and monitoring as well 

aS Maintenance programs are carried out. Some plants have 
installed gas leak detectors and fire detection systems which 

in some cases are tied into plant safety and shutdown systems. 
The operators of gas plants have built up an extensive technology 
which is incorporated into the construction of the plant to in- 


crease safety and decrease the probability of equipment failures. 


Individual companies and insurance underwriters have set 
standards regarding spacing and equipment and fire protection 
measures. Electrical conduits are sealed when entering hazardous 
areas to prevent explosions from traveling between areas. Plants 
are laid out to separate various pieces of equipment and processes 
to prevent fire damage in one area from spreading to another. 

Fire shutdown systems and 'panic buttons' are installed to decrease 


the fire size and spread. Fire extinguishers and fire water 
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systems are provided as required. 


All employees are trained in fire drills for which the 
employee responsibilities and procedures are set out. Trained 
first aid personnel and equipment are available. At larger plants 
ambulances are available and the emergency procedures detail 
routes to hospitals, etc. 

c. H,S Inhalation 

Hydrogen sulphide is an ever-present hazard in sour gas 
plants. Safety meetings and equipment demonstrations are pro- 
vided to keep the employees up to date. Work procedures are 
arranged so that men in hazardous area work in pairs or groups. 
When working on equipment that involves venting even small 
quantities of hydrogen sulphide, air masks are required. In 
buildings, warning lights are activated if maintenance is being 


done where HS may be vented. 


Buildings containing sour gas are supplied with forced 
ventilation to prevent accumulations of HS. Maintenance 
procedures are set out to be followed to ensure safe working 
habits. 


Plant designs incorporate open and closed drain systems. 
The closed door drain system prevents H.S vapours from accum- 


ulating in the plant area. 


Prompt action is the key to saving a man who has been 
knocked unconscious by hydrogen sulphide. Every employee is 
instructed on rescue procedures and one or more resuscitators 


complete with oxygen bottles are always available. 
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ai; Chemical Burns 


Special instructions are given for the handling of 
dangerous chemicals and special handling equipment and 
protective clothing are provided if required. Some of 
the chemicals involved are sulphuric acid, sodium hydroxide, 
amines, lime, bacteriacides, fungicides and herbicides. 
Eyewash fountains and showers are provided, and First aid 


personnel are available to help in the event of a mishap. 
e. Noise 


There is considerable evidence that excessive noise can 
cause progressive hearing loss. Plant noise levels and employee 
exposures must be below the requirements of the Department of 
Labor. Noise surveys may be carried out as a matter of course 
and hearing protection is available, when required, for ex- 
tended periods of work in noisy areas. More attention is being 
paid to the design of facilities and equipment to lower noise 
levels. Some companies have begun regular tests of employees 
exposed to high noise levels on a regular basis to ensure that 


hearing is not being impaired. 


if. H,S and SO. 


The American Conference of Government and Industrial 
Hygienists has set limits for these gases in work areas. 
Threshold limit values or values acceptable eight hours a 
day, five days a week, have been set at 10 PPM for hydrogen 
sulphide and 5 PPM for sulphur dioxide. No work area limits 
have been set by government in Alberta. Air contaminants 
in sour gas plants are not to be compared with urban smogs. 


The chemical composition of smogs, etc., is very complex 
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while a gas plant environment is much simpler. All evidence 
to date indicates that hydrogen sulphide and sulphur dioxide 
are not cumulative poisons and do not accumulate in the body. 
There is no evidence to indicate that the levels of hydrogen 
sulphide or sulphur dioxide usually encountered in gas plants 


can be connected with a progressive deterioration of health. 


Hydrogen sulphide and sulphur dioxide in high con- 
centrations cause eye irritation, lung irritation, headaches 
and can be fatal. Employees likely to be exposed to such high 
concentrations in specialty operations are required to wear 
air masks. 


(oir coSmand CS. 


COS and CS, are present in some sour gases and plant tail 
gas as trace components. These are not health hazards in the 
concentrations encountered. Any employee exposed to dangerous 
concentrations of these agents from the gas stream has already 
been exposed to a fatal concentration of hydrogen sulphide or 


sulphur dioxide. 


CS. is used as a solvent to dissolve sulphur deposits in 
flow lines and downhole equipment. It is handled as a toxic 
chemical with toxic fumes. Department of Labor and company 


regulations cover the handling, use, and storage of this chemical. 
h. Electrical 


The Canadian and Alberta Electrical Code provide extensive 
regulations that ensure that safe systems are installed. Most 
gas plants have buried wiring to eliminate the hazards of overhead 
Wiring. Basically no employees other than electricians are allow- 


ed to work with live electrical equipment. Special controls and 
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and systems are required in hazardous areas. 
ae Other 


Selenium and lead have never been detected in natural 
gas plant waste streams. Phenols, glycols, mercury and 
mercaptans may be found only in trace quantities and are 


not considered to be a health hazard. 


All plant employees are encouraged to take first aid 
training and these courses are made available to employees 
through the St. John's Ambulance Society and Workmen's Compen- 
Sation Board. First aid rooms and supplies are situated in the 
plants with competent men available to handle first aid situ- 
ations. Programs of safety glasses, hats and steel-toed boots 
are in effect. All operators investigate all lost-time acci- 
dents to determine the causes and make recommendations to pre- 


vent such future accidents and injuries. 


The record of gas processors with respect to in-plant 
safety speaks for itself. This position has not been achieved 
without considerable effort on the part of employees and industry 
Organizations. Industry health and safety programs are an essen- 
tial part of the operation of sour gas plants. These programs 
will continue in the future to deal with existing problems and 
to investigate and deal with any new areas of health concern 


that arise. 
Ee PLANT UPSETS 


Interference in or disruption of the plant processing 
operation causing a "plant upset" condition is usually cited 
as an event responsible for abnormal emissions of sulphur 
compounds. Plant upsets generally are infrequent occurances 
but also are a fact of life to be expected in the continuous 


operation of a multi-million dollar complex of valves, piping, 


N 


ioween nt betjoeteb ased 
bns Yworsn Rlosylp , 
S16 bis esisitneup sent al as ao pyrarsgectesaniars? 
‘braced dsiieede of 8 /PERSGRARS tae a 


Ls % 

bis te1it san? o¢ bocrivonme 918 sesyolame Saalq LIA > ~ ; 7 
asoyolyse of sides liavs sbsm exe egsespoo seed Bae pebntead —_ 
-neamo!) ©" nenxiow fas viotoo® sonsiudmsA 2 adtot 32 of mippodds | 
eft ni Setsvtie os ‘esilaqgue bas emoor bis Jari -brs0d aoljsa 
“yiie Bie wvexvil sibned of efdslisve nom Jeedeqmea dai syasig ~ * 
stood byoi-locse ‘bas ated ,eeeenlp ytetee 20 ametpost eee | 


-tpos amidg-se0l Ils ssnpiieevat e103 81990 {fA . “- 
-e7xq/ OF snoitabnemmocex stam bas epatss silt eons - . 
. -eskas(ai brs nse “sxwda? Anea ay '- 


sH6ig-ni oF Joegesa dsiw 2108e990'1q ‘ss eee 
boveties seed tom apd meltiaog aint .tlai 
YasterSai bre esayolqme 20 Jasq os ao sxotie eg ira 
“foake 1h s15 anexpord yietse bas Attest y -atolissinsp1o 
Shexrooid. seen -ainelg e6p 20ée 30 noite Penge agyt ac08 
bs emaidorg pnts phd kw. iseb ot siutut sit nt 


nrS9t0> itised 36 asax5 went yrs Pert fsob bas . 


’ ve ae 1a apt ac 7 ee de: 
ae ope faa ar et alee se ‘ 


: , ot ‘ ; 
* aoa od Nae ROS oe ws fen 
Shine “nobtsxeqo. 
ii 7 ores “a4 i wi . 


vessels, pumps, motors, furnaces, etc., handling varying 
loads of gas and liquid often in varying compositions 


under high pressures. 


In sour gas plants, plant upsets usually cause sales 


gas to go off specification as regards H,S content, and 


process streams must be diverted to the es system and 
flare. Although instrumentation and alarms signal immed- 
iately the cause of the upset, permitting reduction or 
cessation of plant intake, even in the minor upset cate- 
gories reconditioning of the plant system to "on spec" 
conditions can take considerable time. Often, in addition 

to time spent to correct the cause of the upset, lines must be 
depressured and absorbing chemicals reconditioned before a 


plant train can be returned to service. 


Plant upsets are an inconvenience to the operator and in 
some instances a nuisance to plant area residents. In an 
endeavor to reduce the latter situation, high relief stacks 
with a perpetual flame are in service to emit and burn waste 
gases. Fuel gas is usually added to the waste gas to insure 
complete combustion of hydrogen sulphide to sulphur dioxide. 
These actions are the only practical methods available to 
date for handling these situations. In actuality, operators 
should be commended for their excellent record in maintaining 
plant operations under planned maintenance controls and sched- 
ules and reducing upsets in frequency and duration to the levels 


now experienced. 
Le SULPHUR STORAGE AND TRANSPORATION 


Solid chemical sulphur is a remarkably friable material 
that is not totally chemically inert as far as interaction 
with the environment is concerned. For these reason problems 
of its storage and transportation can arise. Both have been 


tackled with some success by the industry as inventories have 
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increased and distant markets have been sought. Research 


continues to improve both storage and handling techniques. 


Sulphur is generally stored in Alberta and elsewhere in 
solid form and until recently virtually all sulphur production 
in Alberta was cast into solid storage blocks at the plant site. 
These storage blocks were mechanically stable and dusting pro- 
blems were primarily associated with loading and transportation. 
Chemical reaction with environment is primarily the result of 
interaction with water and air to yield oxidation products 
which are acidic in character. The range of contamination by 
these products of reaction of sulphur with environment is 
generally limited, however, and containment to the immediate 


vicinity of the plant operation has been generally good. 


The sulphur dust problem associated with loading and trans- 
portation has been tackled by moving to "formed sulphur" and in 
particular slated sulphur. This technique was introduced gen- 
erally in Alberta in 1971 and the bulk of Alberta production is 
now being slated. Research is continuing to attempt to improve 
the resistance to breakdown of formed sulphur and to examine the 
effects of aging which may well become siginficant if Alberta 


sulphur inventories continue to grow. 


The bulk of Alberta sulphur shipments throughout North 
America are in liquid form. The industry recognised early the 
problems associated with the evolution of hydrogen sulphide from 
liquid sulphur during its storage and transporation. This pro- 
blem has been successfully attacked and modifications continue 
to be made to minimise environmental contaminations from this 


source. 


Work on the development of techniques for the pipeline 


transportation of sulphur is in progress. This is a potentially 
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important future development which may well bring Alberta's 


massive sulphur resources closer to world markets. 
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II SULPHUR & SULPHUR COMPOUNDS - ENVIRONMENTAL EFFECTS 


A. INTRODUCTION 


[ao cope 


This section of the brief considers the effects of 
sulphur bearing compounds on: vegetation, animal and 


human health. 


Primary consideration has been given to sulphur dioxide 
in view of the wide distribution of this compound in the 
atmosphere. Hydrogen sulphide will be briefly considered 
only, as it is normally oxidized to sulphur dioxide prior 
to discharge with combustion products from industrial pro- 
cess stacks. Mercaptans constitute a potential local odor 
problem but do affect vegetation. In addition, the effects 
of air and water transported sulphur dust, on soils and 


ground waters are reviewed. 


The sources of sulphur compounds and their role in the 


natural cycle will be considered briefly. 


(2) Sources of Sulphur Compounds in the Atmosphere 


Sulphur compounds are introduced into the atmosphere 
from a variety of natural and man-made sources. These 
compounds consist of sulphur dioxide, hydrogen sulphide, 
and oxidation or reaction products such as sulphuric acid 
and sulphates. The global circulation of sulphur compounds 
follows an intricate pattern in relation to the sulphur 


content of soils, vegetation, water (in rivers, lakes and 
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oceans) and the atmosphere. Sulphur is released from the 
weathering of igneous and sedimentary rocks, from the 
bacterial decomposition of organic matter in soils, rivers, 
lakes and oceans and from combustion of fossil fuels and 
various industrial operations. 


The yearly circulation of S has been documented by 
numerous investigators through mathematical global models 
(1, 2, 3). The total amount passing through the atmosphere 
is estimated at 365 million tons per year. The industrial 


emission at present makes up only 11 percent of the total. 


The principal sources of industrial sulphur dioxide 
are the combustion products of sulphur-containing fossil 
fuels to provide electric power, steam and heat; the 
smelting of sulphide ores, refining of petroleum products, 
sour gas processing, coke processing, sulphuric acid 
manufacture, and many other operations that utilize raw 
Materials containing sulphur. Estimates in Table II-1l 
indicate the approximate emissions of sulphur dioxide to 
the atmosphere in 1969 in Canada from the combustion of 
fossil fuels. 


Natural sources of atmospheric sulphur dioxide, many 
times greater in quantity than the emissions from industrial 
operations, are derived from the death and decay of vegeta- 
tion of land and plankton in the oceans, as well as from 
animal organisms. In this natural sulphur cycle, the 
sulphur may be released as hydrogen sulphide which is 
oxidized to SO. in the atmosphere. Active volcanoes release 
large quantities of sulphur dioxide to the atmosphere, in- 
cluding emissions from fumeroles and vents that are often 


found in volcanic regions. 
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TABLE II-l 
Estimates of sulphur Dioxide Emissions in Canada in 
1969 from Combustion of Fossil Fuels 


(Data on Consumption of Fossil Fuels and Petroleum Products 
from Statistics Canada) 


SOURCE OF COMBUSTION SULPHUR DIOXIDE EMISSION 
SHORT TONS 
COAL 895,000 
LIGHT FUEL OIL, NOS. 2 AND 3 270,000 
HEAVY FUEL OIL, NOS. 4, 5 AND 6 689,000 
DIESEL FUEL 32,800 
MOTOR GASOLINE 73,600 
KEROSENE, STOVE AND TRACTOR FUEL 16,300 
NATURAL GAS 169 


TOTAL 1,976,869 
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(2)am Rolesof SO. in, Life Cycle 


Sulphur dioxide in low concentration is a natural and 
essential component of the atmosphere, like carbon dioxide. 
Life would be impossible without sulphur and it is, there- 
fore, an essential element for the growth of vegetation. 

It is a vital constituent of proteins and is present in 
many biologically active compounds such as methionine, 
cystine, glutathione, thiamine and thioctic acid. The 
sulphur in leaves consists mainly of two forms, an organic 
sulphur fraction and inorganic sulfates. Whether the 
sulphur is absorbed from the soil through the roots as 
soluble sulphate or through the leaves from the air as 
sulphur dioxide, the final disposition of the element is 
the same in the case of non-toxic concentrations. However, 
sulphate from the soil is more effective as a nutrient than 
is airborne sulphur dioxide because of the greater mobility 
of sulphate in the plant. 


On the average, one sulphur atom is necessary for every 
16 nitrogen atoms, or one part by weight of sulphur for 
every 7 parts by weight of nitrogen. In the global cycle 
of sulphur, by far the largest amount of sulphur dioxide and 
sulphate is supplied by the oxidation in the atmosphere of 
hydrogen sulphide, released by the decay of plant life and 
decomposition of organic matter. This sulphate is returned 
to the land and the sea by rain and other forms of absorption 


and deposition. 


Although coastal areas receive substantial amounts of 
sulphate from rain contaminated with ocean spray, inland 
continental areas are entirely dependent on sulphur oxides 
in the atmosphere and supplements through use of fertilizers. 


An average forest requires 20 lbs. of sulphur per acre for 
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new growth. About 15 lbs. per acre is returned to the soil 
in fallen leaves and branches. The net requirement is, 
therefore, 5 lbs. per acre plus the amount lost in drainage. 
Farm crops require more sulphur and some, like cabbages, 
need as much as 40 lbs. per acre. 


In Central Alberta, rain and snow analyses suggest, 
(4) of the 


Research Council of Alberta, that between 2 and 6 pounds 


according to a report by Summers and Hitchon 


of sulphur (as sulphate) per acre are being deposited 
annually. Present levels of sulphur oxides in the atmos- 
phere of Central Alberta would seem to be contributing in- 
sufficient sulphur to eliminate the deficiency which exists 


in this area. 


B. VEGETATION 


(1) Relative Susceptibility to Sulphur Dioxide 


Extensive studies of the effects of this gas on 


susceptible species of plants have been published by Katz, 
Co7Gqi.) (OF, 9,0) 
et al 


Different species of plants vary widely in their suscepti- 


and by Thomas and co-workers. 


bility to damage by sulphur dioxide. These differences 
appear to be due principally to variations in the rate of 
absorption of this gas by their leaves. Sensitive plants 
are those with succulent leaves of high physiological 
activity, such as alfalfa, cotton, barley, rye, spinach and 
rhubarb. Plants with fleshy leaves and needles are inclined 
to be more resistant, except when they are freshly or newly 


formed. 


The susceptibility of green plants to sulphur dioxide 
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is dependent upon concentration, duration and absorption 
factors, as influenced by a variety of environmental 
conditions. Leaves of plants are more sensitive to gas 
during periods of active growth, optimal soil mixture, 
daylight hours, summer temperatures above 40°F and below 
85°F, and in other environmental conditions that favour a 
high rate of photosynthesis, transpiration and absorption. 
Conversely, the resistance of plants to gas increases with 
age, in darkness, in the period of dormancy extending 
from autumn through the winter and early spring months, 
and during periods of drought and excessive temperatures 


in the growing season. 


Conditions in the environment that cause the stomata 
of the leaves to remain open will enhance the absorption 
of gas and render a particular species more susceptible 
to injury. These include high relative humidity, high 
light intensity (especially in the morning hours), adequate 
moisture supply from the soil and moderate temperatures. 
The existence of a relationship between the diurnal trend 
of stomatal aperatures and susceptibility in plants was 


(2) 


demonstrated by Katz et al. Most species of plants 
close their stomata at night and are, therefore, much more 
resistant than in daylight. The stomata also close under 
conditions of moisture stress (low relative humidity and 


inadequate soil moisture). 


The following data (Table II-2) indicate the effect 
of decreasing relative humidity on alfalfa and other suscep- 
tible plants. If maximum sensitivity at 100% relative 
humidity is assigned a factor of 1.0, the resistance to SO. 


increases by a factor of ten in an environment of dry air. 
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TABLE II-2 


Effect of Relative Humidity on 


Susceptibility to SO, (M. D. Thomas) 
RELATIVE HUMIDITY RELATIVE RESISTANCE 
PERCENT LO SO. INJURY 
100 BEANS) 
80 1eelaz 
60 130 
50 1345 
40 i102 
30 Sh 
20 355 
10 Tel 
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The relative susceptibility of many plants to SO, 
is illustrated by the data in Table II-3, compiled by 
ee The factor of 1.0 has been 
allotted to the most sensitive plants, such as barley, 


Thomas and Hendricks. 


alfalfa and rye. Higher factors in other species indi- 
cate increasing resistance. These factors have been 
adjusted to correspond to optimum environmental condi- 


tions that would promote maximum sensitivity to SO.. 


(2) "Scientific Criteria for Effects of SO,on Plants 


(a) Sulphur Levels in Leaves - Laboratory 
Investigations 


Plants exposed to atmospheric sulphur dioxide concen- 
trations during the growing season will show an accumulation 
of sulphur in healthy leaves. Katz ‘>? has stated: "Unless 
the concentration and exposure to gas and other (environmental) 
factors are known accurately, there is no quantitative rela- 
tion between the increase in sulphur levels of plant tissue 
and the degree of injury, because the sulphur content is 
subject to great variation in normal plants". Many later 
investigators have confirmed Katz's conclusions, that foliar 


sulphur levels are not related to damage by sulphur dioxide. 


Some of these are Berry, G. R. et al (11) Viel, M. G. et al 
(12). Garber, K. (13) Wentzel, K. F. eee and Bjorkman, E. 
oa Guderian (ne) found that sulphur levels continue to 


fluctuate in the green photosynthesizing tissue of partially 
killed needles, whereas sulphur levels remained steady in 
the killed portions of such needles. Guderian further 
reported that foliar sulphur levels decrease after cessation 
of fumigations and are, therefore, not only dependent on 
rates of sulphur assimilation during fumigations but also 


on frequency and duration of sulphur dioxide free periods 
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DABLE Sil-—-3 


Relative Sensitivity Cfecultivated 
and Native Plants to SO, Injury 


SENSITIVE 


Alfalfa 
Barley 
Endive 
CGoctton 
Rye 
Cosmos 
Rhubarb 
Sweet Pea 
Radish 
Verbena 
Sweet Potato 


Spinach 


Buckwheat 1.2 - 
1.1- 


Bean 


Broccoli 


Brussels Sprouts 


Pumpkin 
Table Beet 
Oats 
Clover 

Rye Grass 
Squash 
Garrot 
Turnip 
Wheat 


INTERMEDIATE 


-cultivated plants- 
Cauliflower 176 
Parsley 

Sugar Beet 


Sweet William 


Aster 
Tomato Sh tee Ab oT 
Eggplant 

Parsnip 

Apple iS 
Cabbage 


Hollyhock 


Peas 
Gooseberry 
Marigold 
Leek 
Begonia 
Grape 
Linden 


Peach 
AprELcooU 
Elm 
Biren 
Plum 
Poplar 


RESISTANT 


Gladiolus 
Horse-radish 
Sweet Cherry 
Rose 2. 
Potato 
Castor Bean 
Maple 
Boxelder 
Wisteria 
Mock Orange 
Onion 


Lilac 

COoLn 
Cucumber 
Crysanthemum 
Celery 
Citrus 


Cantaloupe 


Live Oak 
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between fumigations. Hence the timing of sampling for 
sulphur level determinations after exposure to sulphur 
dioxide becomes an additional variable factor. There 

is another complicating factor. Long periods of uninter- 
rupted exposure to very low levels of sulphur dioxide 
cause greater increases in foliar sulphur levels than 
shorter periods of exposure to higher but still sublethal 


levels of sulphur dioxide (Guderian 16). 


It is clear that foliar sulphur contents cannot be 
used as a measure of damage by sulphur dioxide. However, 
given a steady source of sulphur dioxide emissions, foliar 
sulphur levels may be indicative of the extent of sulphur 


(6) 


dioxide dispersion. Katz has noted: "Nevertheless, 
such data (foliar sulphur contents) from comprehensive 
collections of certain sensitive plants, may be used to 
define the area within which the gas occurs". Today, this 
is indeed the only "practical" use that can be made of 
knowledge of foliar sulphur contents obtained from field 
samples. 


Loman (17) 


has reported that results of a cooperative 
study of the Alberta Forest Service and the Provincial Air 
Pollution Control Division showed that pine and spruce 
foliar sulphur contents fluctuated upwards in the vicinity 
of sour gas plants for 3 to 5 years, after which they 


fluctuated down again to levels found at the time the gas 


Lif, 


plants went into production, whereas foliar sulphur contents 


of aspen and poplar continued to fluctuate upwards (Ullman 
18). From a biological point of view, the fluctuations in 


foliar sulphur levels in pine and spruce after 3 to 5 years 


exposure to sulphur dioxide may be ascribed to any of a 


considerable number of uncontrollable factors of the environ- 
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ment about which we have no information. From a practical 
point of view, sulphur dioxide emissions near the sour gas 
plants investigated by these agencies have up to now obvious- 
ly been below the lethal level for the main tree species. 


(b) Field Observations 


The following data, (Table II-4) compiled by Dreisinger 
nen and McGovern, indicate the minimal intensity factors 
prevailing at the time that recorded ground concentrations 
and durations caused injury to various species of agricultural 
and forest growth. The plant species are listed in order of 


increasing resistance to SO It is apparent that buckwheat 


and trembling aspen are ere sensitive species in the 
Sudbury District, with a minimal intensity value of 74. These 
data represent correlations between field observations on the 
condition of crops, shrubs and trees and gas concentrations 


recorded at the nearest SO. monitoring stations. 


2 
Intensity numbers were assigned to the above exposure 

limits on the basis of 100 being equal to the approximate 

threshold limit for injury under optimum sensitivity con- 

ditions for the most susceptible species of vegetation. 

Thus an average concentration of 0.95 ppm for one hour, or 

Ue SappmMetor. CWOLnOUrSs,) Of 0. So .ppm Lor, fLOurshours, Or 70.25 

ppm for eight hours would in each case be equal to a potential 

intensity of 100. Intensities above or below these limits 

of concentration and duration of exposure could then be 


computed by this formula. 


A total of 5,602 fumigations recorded in the Sudbury 
area were analyzed on the above basis. Of these, 622 reached 
or exceeded the above theshold levels potentially capable 
of causing injury to vegetation. However, many of the 622 
recorded fumigations did not cause any injury to susceptible 


species as they occurred either too early or late in the 
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TABLE II-4 


concentrations recorded after 
Getation was observed in various 
Species and maximum intensities to which the 


species were exposed at other times with no result- 


ant injury (Dreisinger and McGovern) 


Species 


buckwheat 
red clover 
oats 

peas 
rhubarb 
timothy 
swiss chard 
beans 
beets 
turnips 
carrots 
cucumbers 
lettuce 
radish 
squash 
tomatoes 
potatoes 
raspberry 
celery 
spinach 
cabbage 
corn 


Max. av. conc. (ppm for 
al 3 4 8 


hr. 


ae. glee 
Oe OAS) 
On 50m ss 
egswhy What! 
OF 9e0 oe 
Qi 5 OO seas 
0.5455. 0.40 
0.64 0.42 
ON45e0 043 
O77) 0,45 
Oe mer ai 
One eee Ui: 0 
ah TA Oh exe) 
On Soe 0.4.3 
0.56 0.43 
On 6s 01.43 
Qus5 Gamal s43 
0.56 0.43 
Or Oe e003 
OFA UD 
Ome Uno 0 
On 95 30.70 


aris a 
never injured 


hee 


Ded bs) 
Ocak 
Cid 
Oar, 
Oe Ly 
Ome 
0.27 
Ora 
OaZo 
Os 
0.25 
Orzo 
Oey Eke 
0.38 
0.38 
0.38 
0.38 
0.39 
0.29 
0.34 
0.45 


Intensity 
Number 


Max. intensity 


to which species 
exposed with no 
resultant injury 
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TABLE II-4 (Continueds«:.’) 


Minimal average SO, concentrations recorded after 
which injury to veGetation was observed in various 
species and maximum intensities to which the species 
were exposed at other times with no resultant injury 
(Dreisinger and McGovern) 


Species Max.wav.sconces (ppmeror Intensity Max. intensity 
i Z rl 8 Number to which species 
exposed with no 
resultant injury 


- Forest Species - 


trembling aspen 0.42 OF oom 0G Oo13 74 450 
jack pine 6>52 0.44 0.29 On 20 83 143 
bracken fern 0.45 0634440525 Of2ZL 84 209 
white birch 0.46 0.38. 0.28 On2i 84 450 
white pine 0.45 cis lise rs Ome 84 224 
larch 0.41 0. 398580534 0.26 104 160 
large-toothed 

aspen 0.66 ON43 10537 0.20 106 450 
willow 0.41 ON chs) 0G Shs) O70 120 332 
alder 0.46 0.43 0.43 On2. 123 332 
red pine 0.78 0.69 0.44 0530 126 432 
Austrian pine 0.66 0.45 0.44 Oe he aC pe) 432 
hazel died ORS Us AS Oras 136 192 
balm of Gilead lakes) ORCC aamaw) con 0.38 175 332 
cedar never injured® - 224 
spruce never injured® ~ 450 
maple never injured® = 450 


Anear recorder stations 


Intensity numbers (1) 105 x for 1 hr. where X represents SO, in ppm 
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growing season, or during periods when the vegetation was 
comparatively resistant to so.. Only on nine occasions 


was injury observed after exposure to SO, during which the 


average concentrations were lower than listed potential 
limits. In every instance, such injury occurred with fumi- 
gations during the critical months of June and July in 
periods of high humidity and environmental factors favour- 


ing maximum susceptibility. 


(c) Vegetation Tolerance Limits 


Detailed studies on the effects of sulphur dioxide 
on photosynthesis, respiration, rate of growth and yield 
of the most sensitive plants, such as alfalfa, by Katz et 
al, and by Thomas and co-workers have lead to the following 
findings: 


(1) About 0.30 ppm applied to the plants for four 
hours per day for a month had no effect. 


(2) A whole crop of alfalfa was grown under continuous 
fumigation with an average concentration of 0.10 
ppm for 504 hrs. and in another experiment, with 
continuous fumigation at 0.11 ppm for 602 hrs., 
without producing any injury and with no effect 
on photosynthesis, rate of growth and yield. 


(3) A 45-day continuous fumigation of alfalfa at an 
average concentration of 0.10 ppm showed no 


effect on carbon dioxide assimilation or growth. 


(4) At higher concentrations, 0.40 to 0.60 ppm for 
4 hours, it was found that alfalfa showed a small 


reduction in carbon dioxide assimilation but 
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complete recovery occurred within about two or 
three hours after the fumigation was discontin- 


ued. 


(5) Under optimum environmental conditions for sus- 
ceptibility, themfirst light @symptoms of *ingury 
may occur in a fumigation of alfalfa with about 


L3259ppmantone hours. 


On the basis of an extensive review of scientific 
evidence on the effects of sulphur dioxide on sensitive 
species of plants, the State of California adopted the 
following ambient air quality standards at the "adverse 
bev else (15 )i: 


1.0 ppm for one hour, in daylight 
0.30 ppm for eight hours, in daylight 


(2) tebtiects7of sH2S 


Hydrogen sulphide is usually not toxic to plants except 
in high concentrations greater than about 10 to 20 ppm. 
This gas has an offensive odour in concentrations as low as 
0.05 ppm and may be detected by smell in the vicinity of 
oil refineries and draft pulp mills. Although it tarnishes 
metals and discolors paint at low concentrations, there is 
little, if any, evidence that this gas causes significant 


injury to field crops. 
C. ANIMAL LIFE 


Early interest in this subject was concerned mainly with 
diseases and mortality in farm animals arising from the emis- 
sions of toxic metals from metal smelting and refining opera- 


tions and the phosphate fertilizer industry. In the early 
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history of base metal smelting, cases of litigation developed 
Over poisoning of livestock by arsenic, lead and some other 
heavy metals. However, the development of adequate methods 
of source control have virtually eliminated this hazard to 
animals. There are no substantiated cases on record of 
injury to farm animals from emissions of sulphur oxides in 
the metal smelting and refining industry in the last forty 
years. It is only within recent years that laboratory studies 
have been undertaken on a systematic basis to determine the 
toxic effects of animals of specific air pollutants commonly 
found in the community atmosphere. This interest has devel- 
oped out of concern for the effects of air pollution on human 
health. Pollutants presently under investigation include 
sulphur dioxide, sulphuric acid nitrogen oxides, ozone and 
oxidants, carbon monoxide, aldehydes, organic peroxides and 


various potentially carcinogenic compounds. 


With regard to the harmful effects of air pollution on 
animal health, the evidence of major air pollution disasters 
in urban areas points to adverse symptoms in animals of a 


character similar to those suffered by man. 


There are only a few reports on long-term experimental 
exposure of animals to sulphur oxides in which pulmonary 
function measurements and related physiological parameters 


S20 Tox 


were measured. Dogs were treated by Lewis et al 
225) daysewith 5.1 ppm SO,, Soak Vejen so. 


of sulphuric acid aerosol. The results of this study with 


plus 835 micrograms/m> 


far higher concentration dosages than those encountered in 
urban or industrial areas revealed that the exposed dogs had 
no significantly different values from control dogs for 
diffusion capacity, compliance, flow resistance or residual 


volume in lung function performance. 
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Another long-term study, reported by Vaughan et eae a 


involved dogs exposed for 16 hours a day for a period of 18 
months to a combination of 0.5 ppm SO, and 100 ug/m> of 
sulphuric acid aerosol. No impairment of pulmonary function 
was produced in any of the animals after 18 months of expos- 
ure. Ina third long-term study reported recently by Alarie 


et ak oe 


three groups of guinea pigs were exposed to 0.13, 
1.01 and 5.72 ppm of sulphur dioxide continuously for 12 
months. Pulmonary function measurements with a high degree 
of precision indicated that no detrimental changes could be 
found from this prolonged exposure to SO. in any of the 


groups of animals. 


It is apparent that with regard to natural gas proces- 
Sing and sulphur recovery operations in Alberta and in other 
industrial processes involving the emission of sulphur oxides 
under the present government control regulations, no health 
hazard exists from the relatively low ground concentrations 


that may be found in the vicinity of such operations. 


D. HUMAN HEALTH 


Gps esulphur Dioxide 


Studies of the health effects of urban air pollution 
have been stimulated by the consequences of a series of 
acute air pollution espisodes that have been accompanied 
by increased mortality and morbidity among the exposed 
populations. These episodes occurred in the Meuse Valley 
of Belgium in 1930, Donora, Pa., in 1948, London (England) 
inee9S2, 1956,<b95/eandtl962;, «New Yorkein 1953, e1963¢gand 
1966, and in a number of large cities in Europe and Japan 


at other times. 
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Attempts to identify the agents responsible for the 
excess deaths and sickness in these acute episodes have 
not been successful. Most attention has been devoted to 
sulphur dioxide and particulate matter because these were 
the only contaminants for which concentration measurements 


were available at the time. 


Human volunteers have been exposed for durations up to 
one hour by inhalation of diluted sulphur dioxide from 1 
to 20 ppm and higher concentrations. Exposure to 4 to 5 
ppm and higher does induce an increase in airway resistance 
in a majority of exposed individuals, according to studies 


by Frank (23; EEN, 


Medical personnel expose asthmatics and chronic bron- 
chitic patients to high sulphur dioxide concentrations to 
determine their irritability to the inhalation. The con- 
centrations used in these provacative tests range from 1200 
to 4800 ppm in order to obtain a broncho-spasm response 
after a few breaths. These patients appear to tolerate these 


treatments without major consequences. 


The theory that sulphur dioxide may condense on particles 
of respirable size to produce a high local concentration of 
gas at the site of impaction in the lungs has been proposed 


fea In tests of this hypothesis, small animals 


by Goetz 
have been exposed to high concentrations of sO. and gactiva= 
ted carbon dust. The gas concentrations ranged from 116 to 
212 ppm. No increase in ciliary inhibition was found, other 
than what could be expected from the inhalation of so, by 
itself. This absence of additive effect or of synergism 


appears to contradict the Goetz hypothesis. 
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The available data from epidemiological studies in- 
dicate that populations exposed to sulphur dioxide at 
significant levels of 0.5 to over 2 ppm, do not show direct 
evidence of increased susceptibility to respiratory in- 


fection deriving from the effects of SO Major obstacles 


to the interpretation of serge ders en information health 
effects are the frequent lack of standardization of the 
populations that are being compared in terms of smoking, 
occupation and social history. 


Burrows et al. (26) 


in a study of the relationship 

of symptoms of chronic bronchitis and emphysema to weather 
and air pollution concluded that sulphur dioxide is not 
specifically related to aggravation of chronic bronchitis 
and that air contaminants do not appear to play major roles 
in producing these aggravated symptoms. In a detailed 
study of hospitalization for diseases such as allergic 
disorders, acute respiratory infection, influenza and 
bronchitis in relation to air pollution, Sterling et al, 
oe) found a correlation factor of only 0.16 with sulphur 


dioxide, which is insignificant. 


The amount of sulphur dioxide a human being can inhale 
and retain in serious episodes is not very great. A simple 
calculation will show that a man breathing sulphur dioxide 
steadily at 1 ppm will absorb, at most, 14 ml. of gaseous 
SO, 
S/emNG.aOL sO, 
millimole per total body weight, of either sulphur dioxide 


per 24 hours. This corresponds to a weight of about 


, which in turn represents approximately 0.57 


or sulphurous acid. The latter is a well known weak acid 
resempling kinetically carbonic acid. The net result for 
the organism will amount to something less than one milli- 
equivalent of acid, an aliquot which the organism can easily 
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dispose of. Normal kidneys, in fact, often eliminate well 
in excess of 20 milliequivalents per litre of urine as 


titratable acid. Thus, exposure to SO. may result in 


lowering urinary pH. Acid urine, in ee has been noticed 
in persons exposed to high levels of sulphur dioxide in 
industry CREE: However, these same levels, encountered in 
the past, in industrial exposures, are not at all compar- 
able to those of air pollution occurrence in the outdoor 


atmosphere, 


(2) amOXadation productsiof sulphur dioxide 


The industrial hygiene TLV of maximum allowable con- 
centration [Or ssulphuricgacidimists(oresulphur’ trioxide) 
has been established at 1 milligram per cubic metre of air 
(1 mg/m?) for workers exposed 8 hours per day, 5 days per 
week. Sulphur trioxide or sulphuric acid appears to be 
more of an irritant than sulphur dioxide at equal doses in 
man and in animals. Inhaling H,SO, with particle size of 
0.8 micron, quinea pigs react with an increase of airway 
resistance when the concentration is equal or higher than 
nee) mg/m>, Human volunteers exposed to sulphuric acid at 
concentrations in excess of 2.9 mg/m> for one hour have 
complained of irritation of the conjunctivae and of the 
respiratory mucosae. Several subjects have shown increased 
airway resistance,measured by the interrupter technique ae 
However, exposing volunteers to l mg/m, Lawther has found 
no significant change in airway resistance (30)5 Conversely, 
Toyama and NaKamura, using a similar concentration of sul- 
phuric acid, have indicated a substantial change of resis- 


tive values in exposed subjects Ct) 


The oxidation of sulphur dioxide to sulphur trioxide 


er ists 


Ah ie = 


‘a “iv "open 
1 én: 2 nite 3 


ad ve 


“~ 


pigewr. vem). 


: aa etna lawl ite mye dun us ad BRGIRG F 


ii Oa sa crast ry oe aac 


fnaee on 


te 


=) 


bios f ss - i9 


beer gnu net atest kt seis Stor Mat erancbs | atte ins 
i) abtxeih agdgibe tr aisvel dpit ot Ba ni ae 3.0% 
nk: Des wt alove mee gees ,xeowoH i 3 J evbrtk 
“termes ifs sor 6 caximoges Latztewbhal uk ad seats 
2 » eels youprisoo ROisuliag tia To: pe ot sids 
’ ees ao Uy goipyd <6L32 
ters L272 give 1)’ Sear ht aLavdg.A 
: foo. 23q Matps ki Ja ip aas 
. 7 Le re aq gual EB heebgyao sxeate 
acAadae: bioe tisig 2 eGlivel x 
‘ Lek eS ee Shines SLi *.on02 2aere 
; a + dokw ¢Ve,i Wridedal = .864 
wile so +h ne tke foeet “enid sotkep «Rota! co 
gens % ib ae Leu t qelaatineodnoo ere sede Sons as: 
(4 bios otavAgqiue oF Seangs> sroctapioy Geaws Ps CAga € ik 
Bu ue alo 202 “nt ge €.5 Se, aReoKe A anglse+2haones ba] 
siz Qo Sn oevertonw (ia 2f2 30 holsesi asd 194 ven wtano 
; yor : jae 
iedeeuodt! coMata Bved stoee~svs iqnevec .secocUnm pegs i 
be. wip inn pastas ef2 yd bat WWEASM, 99M ae yewsts 
itot anh Trews om a LoF, Legvovauior ‘enlace sVeWok 
: «Niaexavinod. OS) noe te bees apa m3 hyena 
7 : wipe Io Helse swsieonoey « aniaale a e tap - 
7 | -giagnt 4 Spnnnt: mre anatedy >) bu “ssn 


, 

— 
= = 
a 

3s 


ebb: ree aiighon o ew 


_ en, t 


7 
a 


_ 


ae 


Dee Org! 


# mer 


7 - - 
7 “ al 7 abe “2, 


II-16 


or sulphuric acid in the ambient atmosphere is a slow pro- 
cess, with complex equilibrium constants, as shown by Katz 
2) eo Humidity, sunlight and the presence of nitrogen 
dioxide as well as catalysts in the atmosphere, all have 

an important influence on the rate of oxidation. However, 


the percentages of conversion of SO, to sulphuric acid in 


the ambient atmosphere are usually me themrangeso£, 3) toi4S 
percent by weight, although under exceptional conditions 
the conversion may reach 15 to 35 percent. Measurements 

of sulphuric acid aerosol in polluted urban areas seldom 
attain levels above 0.05 to 0.10 mg/m? . In the London 

smog episode of December, 1952, the concentration of sul- 
phuric acid was estimated to reach levels not in excess of 
0.35 mg/m>. Inhalation at this concentration is well below 
the borderline range for measurable effects on human 


subjects. 


It has been found that mixtures of sulphur dioxide and 
sulphuric acid exert synergistic effects on exposed animals 
but these effects occur at concentration levels that are 
much higher than those commonly found during air pollution 


episodes (Amdur, 34) 


(3) Hydrogen Sulphide and Mercaptans 


Hydrogen sulphide, mercaptans and related sulphur 
compounds may on occasion constitute an odour nuisance. 
Hydrogen sulphide possesses the typical smell of rotten 
eggs. The mercaptans have a nauseating odour. The mix- 
ture of sulphur compounds may be quite unpleasant for most 
people in concentrations that are in excess of odour thres- 


holds. 
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E. SUMMARY 


Cs) Vegetation 


With reference to emissions of sulphur dioxide from 
large sources, the jamor concern is the prevention of 
injury to native vegetation and agricultural crops. This 
protection can be achieved by the establishment of limits 
such as 0.75 ppm of sulphur dioxide for one hour, 0.50 ppm 
for 3 hours and 0.30 ppm for 6 hours. For a given set of 
environmental factors conducive to a high degree of plant 
susceptibility, the relation between limiting concentration 


and duration of exposure to SO, is not a simple straight 


line function but is an Pee ec relation. As the con- 
centration is decreased, the exposure time increases 
exponentially until a sufficiently low concentration is 
attained that is non-toxic throughout the life cycle of a 


plant. 
(2) Animal Life 


In the recorded major air pollution disasters in urban 
areas, animals have exhibited adverse symptoms similar to 
those suffered by man. Controlled laboratory tests on 
several animal groups have indicated that no detrimental 
changes could be attributed to SO. in concentrations up to 
5.5 ppm many times greater than the concentrations measured 


in major air pollution incidents. 
(3) Human Health 


Battigelli has summarized the status of available data 
on the health effects of sulphur dioxide as follows: "The 
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search for an acceptable rationale or for reasonable 
evidence documenting a toxicological relevance of sO. 
levels, as these are encountered in urban air pollution, 
has thus far failed”. The effect of urban air pollution 
on the health of exposed populations as found in acute 
pollution episodes and in other instances of relatively 
high pollutant concentrations does not appear to involve 


Sulphur dioxide in its mechanism. 
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A. HISTORICAL OUTLINE 


(lh) teCanadvan RegulaclonsSemoretor L967 


Canadian experience with the control of major air 
pollution problems prior to 1967 was based on regional 
rather than local considerations. It was customary for 
municipal governments to exercise control over emissions 
of smoke and dust from local heating and waste incineration 
operations, although regulation of large industrial emis- 
Sions could be effectively accomplished on a regional, or 


provincial basis. 


Beyond the provincial level in pollution control, 
Federal government responsibility was confined to certain 
aspects of a national character. It was for example, con- 
cerned with questions related to the flows of polluted air 
across the Canada - U.S. border. This was dealt with by 
the International Joint Commission established between the 
two countries. The Board of Transport Commissioners exer- 
cised authority under the provisions of the Canada Shipping 


Act in the control of smoke emission from railways or ships. 


The Occupational Health Division of the Department 
of National Health and Welfare was the primary Federal 
air pollution agency. This division's activities were 
directed toward the provision of occupational health and 
air pollution advisory services, to Provincial health de- 


partments and other interested groups upon request. 
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The meteorological service of the Department of Transport 
conducted research studies on meteorological aspects of air 


pollution and assisted other agencies in these matters. 


Other Federal agencies concerned with air pollution 
research included the National Research Council on the 
corrosive effects of air pollutants on builing materials; 
the Department of Mines and Technical Surveys research on 
combustion; and the Department of Agriculture which was 
concerned with the effects of air pollutants on plant and 


animal life. 


Although air pollution control was considered a matter 
for public health authorities and hence a provincial problem, 
two provinces, namely Ontario and Saskatchewan, passed sep- 
arate air pollution control acts, and Quebec drafted an act 
in 1968. Alberta and Manitoba had specific air pollution 
regulations provided under their public Health Acts, while 
the remaining Provinces had specific regulations except for 
one or more clauses of the Public Health Act in cases where 
a health hazard could be proven. In these provinces, the 
municipalities could pass bylaws for the enforcement of 


air pollution. 
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(2) Federal & Provincial Pollution Control Subsequent 
tovlo67 


Canada's entry into her second century was heralded by 
the cries of the "concerned citizen" and the "environmental- 
ist. United States Senator Muskie's proclamation of Earth- 
Day on April 22/68, soon spread the anti-pollutionist phil- 
osophy into Canada, and the environmental protection efforts 
of Industry, the Scientific community and certain sections of 
government that had been proceeding very well but highly un- 
noticed by the public for years, suddenly became household 


topics. 


Government response at both the Federal and Provincial 
level has been rapid, well intentioned and generally effect- 
ive, in spite of the problems inherent in a somewhat archaic 
procedure for defining local and regional responsibilities. 
In addition to the Federal Air Quality Act, Clean Air Acts 
are presently established in Alberta, Saskatchewan, Manitoba, 
Ontario and Newfoundland. British Columbia has just completed 
a series of public hearings to develop provincial standards 
beyond the existing municipal control. The remaining pro- 
vinces have general Environmental Protection Acts for both 
Air and Water quality which permit them to establish object- 


ives and control measures. 


In the haste of governments (Provincial and Federal) 
to react to the "Environmental Crisis", it has been difficult 
for industry and the individual to recognize clear terms of 
reference and, in some cases to identify the main controlling 
agency. This unfortunate situation is hardly conducive to 
responsible citizenship, corporately or individually, and 
seriously inhibits a joint attack by the public and private 


sector upon a common problem. 
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It is hoped that an interdepartmental approach with 
industrial input will alleviate this situation, by recog- 
nizing the needs of all departments of government to 
guarantee environmental integrity, as well as accepting the 
economic-technical aspects of industry which will insure 
that the multiple use concept is applied in all phases of 


resource development. 


(3Jee lol Lucionecontrol Legislation incAlberta’ 


TReSLirsteLegqielacion £or the control of air pollution 
in Alberta was enacted in 1945 and provided a means to evalu- 
ate complaints and establish a remedy for correcting conditions 
where necessary. This was followed by specific legislation 
governing the control of dust from piles of coal and slag 
Lio 40. 


In 1955 the authority to make regulations was added, 
and in 1962 this was amended to include pipelines, as an 
item subject to control as to operations and locations. 

For noncompliance with the Provincial Board of Health order 
or with a rule or regulation for the control of air pollu- 
tion, a fine could be levied, but by the terms of the Oil 
and Gas Conservation Act, under which all plants then 


operated, they were exempt from any injunction. 


The first specific regulations for the control of air 
pollution were formulated in September of 1961. Prior to 
1961, approval to construct and operate a gas plant was 
obtained from the Oil and Gas Conservation Board who checked 
with the Department of Public Health as to specific require- 
ments before issuing a permit to construct. The main require- 


ment was an assessment of the operators design specifications 
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of the proposed sulphur plant incinerator stack. Subsequent 
to 1961, it has been necessary to obtain provisional approval 
from the Department of Health before the Oil and Gas 
Conservation Board would entertain an application to pro- 


duce and process sour gas. 


A basic requirement of the 1961 Department of Health 
regulations was the submission of plans and specifications 
for all new industries to the Provincial Board of Health for 
approval. Any pipeline or plant which was constructed prior 
to, or was under construction on September 15, 1961, was 
exempted for a period of five years after that date, with 
the Board of Health empowered to reduce or extend this five 
year period for any specific project which it deemed in 


theypupiic interest to do so. 


Under the 1961 regulations, the then Air Pollution 
Control Branch;of the Dept. of Health employed the calcu- 
lated value 0.2 ppm SO, average concentration over a 30 
Minute period for stack design. The operating guidelines 
for measured concentrations in the most critical downwind 


areas were as listed below. 


8 hour average Oh aSh jeyelin 
ieioOuL average 1.0 ppm 
3 minute Ws) jeyey 


We would observe however, that prior to this date, 
and as early as 1959, these values were the basis for 
negotiations between individual companies and the regulatory 


aULMOLIty + 


Prior to this date, the operating companies designed 
their sulphur incinerator stacks on the advice of consul- 


tants and other industries, working to values as low as 
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0.26 ppm S05, which even in this very early stage of the 
sour gas industry could match "Acceptable Standards" as 


presently defined by the Federal Clean Air Act objectives. 


(4) Effectiveness of Control Methods - Alberta 


The effect of air pollution control regulations in the 
Province of Alberta can be evaluated by considering the 
history of the gas processing industry beginning with its 
major expansion in the early 1950's. Until the latter 
years of this decade, very few sour gas processing plants 
existed, and the technical staffs of the two major regu- 
latory bodies (Oil and Gas Conservation Board and Department 
Of Public Health) were able to develop an expertise in 
pollution control only through the full cooperation of the 


operating companies. 


Until 1961, design, control, and operations were 
essentially left up to the good judgement of the operating 
company, although the Provincial Board of Health still had 
the power to investigate a specific complaint and where 
necessary impose fines for violation of pollution control 


up to $500 per day. 


A major investigation into the Pollution Potential of 
the Sulphur Recovery Industry was conducted by a Scientific 
Advisory Board in 1963. This committee reported its findings 
in 1964, following a year of intensive study which stated in 
effect, that no pollution problem existed to cause damage. 
This report was referenced at the meeting of the Canadian 


Council of Resource Ministers in 1966. 


From 1961, when the first specific regulations for the 
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control of pollution were formulated, until 1966, at which 
time all existing plants were required to conform with the 
new regulations, may be considered as a transition period 
to present day standards. For all plants built in this 
transit 1Onsper10d Of9l 96) to 1966, and any existing plants 
which were modified or enlarged such that their processes 
were substantially changed, the regulations came into force 


on the date of commencement of construction or modification. 


By 1966, all plants were operating under the latest 
Health Regulations and subsequently the industry has reflected 
a new awareness to the pollution problem. This awareness 
has been demonstrated throughout the major companies by the 
formulation of specific corporate policies in all matters 
relevant to pollution. The details of such policies vary 
from one company to another, however, there is one signifi- 
cant point common to all of them, and that is the acceptance 
of a community obligation to preserve air and water in an 


unpolluted form. 


Some indication of the industry's success in its attempts 
to maintain minimal pollution levels may be seen in Figure III- 
1. The 1966 total sulphation rates for an eastern Canadian 
industrial city are presented in relation to those of a 
typical well managed sour gas processing and sulphur recov- 


ery plant in Alberta. 


To date the Department of Environment has not estab- 
lished limits for total sulphation, but in other areas 
where limits have been established the acceptable rates 
are: 

Residential Onn mgmSO,/am* /day 
Industrial 1b 0) mgmSo ,/am*/day 
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In this 1966 example, the gas plant area is below the 
recommended residential limit of 0.50 mgm. for the entire 
year, while 50% of the city sulphation rates exceeded the 
industrial allowable. Expressed in terms of annual averages, 
the city value of 1.26 mgms, exceeds by a factor of 7.0 the 


0.18 mgm value recorded near the gas plant. 


B. CURRENT REGULATIONS 


In July 1970, the Energy Resources Conservation Board 
(then Oil & Gas Conservation Board) was assigned further 
responsibilities with respect to pollution and environmental 
control in the oil and gas industry. The major change re- 
sulting from this announcement was that applications for 
the construction and operations of gas plants were sub- 


mitted to a single authority, the ERC Board. 


This relieved an awkward situation wherein the Dept. 
of Health had refused to process applications not cleared 
by the Board and the Board waited for Pollution approvals 
by the Dept. of Health. A similar untenable situation had 
existed in new plant applications in forested areas wherein 
the Dept. of Lands & Forests required a minimum clearing to 
provide fire protection while the local Planning Commission 
wanted a minimum of one section (1 mile square) in the in- 


terests of development. 


A further announcement in July 1970, outlined the res- 
pective roles of the Dept. of Health and the Oil and Gas 


Conservation Board under four categories: 


A. Areas of concern to both the Department and the 


Board. 
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processing plants. 


This announcement clarified the questions of standard 
setting, approval granting, monitoring, reporting and 
enforcement, but with the publication of "Minimum Sulphur 
Recovery Efficiency Guidelines" by the Board in November 


1971, the clarification was short lived. 


The industry feels that the confusion is not so much 
oneso£ jurisdiction: as sonesof discipline, viz —- Environmental 
Protection and Resource Utilization. The industry may not 
be able to challenge Environmental Protection standards in 
terms of immediate economics, but would be well able to do 
so in the matter of additional recovery and storage of 


commodity in considerable over supply - sulphur. 


C. FUTURE PROGRAMMES 


Progressively more stringent regulations may arise 
from more exacting air quality criteria in some countries 
to meet the pressures of increased industrialization. 
However, the Federal Air Quality Objectives appear more 
than adequate, and the Alberta regulations are similarily 
capable of protecting the populace at even the "nuisance 


level". 


The top category - "Desirable", as defined by Federal 
Act is designed to long term goals of pristine air and to 
"provide an anti - degredation policy for unpolluted areas". 


The act does not define an unpolluted area, nor has any 
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authority suggested one for this jet-age of global travel. 


For more than a decade, commencing with Air Pollution 
courses for industry personnel by the Dept. of Health, to 
the 1970 drafting of reporting procedures by CPA and ERCB 
staffs, the industry has been able to work closely with 
government on this common problem of Environmental 
Protection. Most recently, the industry has been asked to 
supply data to the Forestry Branch - Environment Canada to 


assist research studies into SO, effects on vegetation. 


All future control programmes must be based on the 
results of research by the Academic, Government and Private 
sectors; and should not represent an over reaction to 


public pressure. 
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IV AIR QUALITY MANAGEMENT 
A. PURPOSE 


The purpose of Air Quality Management is to insure 
that the primary use of the earth's air resource, to support 
life, is not compromised by the secondary uses which include 
the service of air as a transport medium, a constituent of 
production processes and receptacle for the waste residuals 


ofjall»human.activity. 


Through effective air quality management, the assimila- 
tive and restorative capacity of the atmosphere will not be 


exceeded by the expanding population and industry. 


Inherent in this statement of purpose by J. W. MacNeil 
in the constitutional study prepared for the Government of 
Canada entitled "Environmental Management", is the recogni- 
tion of "assimilative capacity", in the atmosphere through 


the natural sulphur cycle. 
B. TYPES OF AIR POLLUTION CONTROL STANDARDS 


In general, two types of standards are employed to control 
air pollution in industrial and urban areas. These are emission 
standards and air quality standards. An emission standard est- 
ablishes a limit on the quantitative rate of discharge (lbs. per 
hour) or concentration of a pollutant that can be emitted from 
a source. This emission standard limit can also be expressed 
in terms of the maximum permissible ground concentration at 
the point of impingement from the source as determined by mea- 
surement or by calculation on the basis of plume rise and 
diffusion theory for prevailing meteorological conditions, 


using specified dispersion models. 
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If the emission standard is expressed in terms of ground 
concentration limits, it can also be used as a design 
standard for the estimation of required stack height for a 
given source. In this case, the emission standard can be 
derived from the air quality standard. 


Air quality standards are usually established on the 
basis of scientific criteria of cause and effect relation- 
ships between concentration level and duration of exposure 
to a specific pollutant of susceptible species of vegetation, 
animal or human health or public welfare. Other approaches 
to the setting of air quality standards may include the 
concentration levels of air quality that exist in a community 
on certain days of good ventilation or the conditions that 
existed during an earlier period when, it is believed, there 
were no adverse effects or the air quality conditions were 
tolerable by the residents of the community. Air quality 
standards may be adopted for an entire country or province, 
or different standards may be established for various areas 
within a jurisdiction. The "air shed" concept comprises 
“an air quality region consisting of a geographic area which 
includes both the air pollution sources and the receptors 
within this region. Standards of air quality must be ex- 
pressed in the same terms or units that are used to categorize 


the measurement and reporting of air quality data. 


Several standards of air quality are usually employed 


for a major air contaminant, such as - 


(1) the annual average concentration 
(2) the 24-hour average concentration 
(3) the maximum concentration for a short period, 


such as 30 minutes, one hour or several hours. 
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The 24-hour average concentraion may be qualified by 
a limit, such as, that it must not be exceeded for over one 
percent of the days in any 3-month or in any yearly period. 
Similarly, the maximum concentration and its duration may 
be limited, such as not to be exceeded for more than the 


specified time in any consecutive period of hours or days. 


Both emission standards and air quality standards 
should be accompanied by detailed description of the method 
of sampling and analysis for each contaminant to be employed 
as a reference method. This procedure has been adopted by 
the U. S. Environmental Protection Agency in recent publica- 
tions in the Federal Register of National Air Quality and 
Emission Standards. 


The National Research Council of Canada established 
in 1971 an Associate Committee on Scientific Criteria for 
Environmental Quality to review available information on 
cause and effect relationships on receptors of contaminants 
in air, water, soils, and other aspects, including effects 
of pesticides, toxic metals and physical phenomena. The 
'work of this Associate Committee is being conducted by a 
Secretariat and a number of sub-committees of experts from 
university, industry and government. The main objective 
is to provide to the Canada Department of the Environment 
and other governmental control agencies, properly evaluated 
criteria which they may use to formulate quality standards. 


C. AMBIENT STANDARDS VS. EMISSION STANDARDS 


As stated previously (B. - Types of Air Pollution 
Control Standards) the emission standard can be derived 
from the air quality standard at the point of impingement. 


It is through this procedure, with the maximum ground level 
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concentration the independent variable, that Air Pollution 
Approvals have been issued for the sulphur recovery plants 
in the past. The ambient air quality standard protects the 
environment and is particularily suited to the Sour Gas 
Industry which is made up of isolated, essentially single 
point sources. 


For ease of enforecement and control, Emission Standards 
May well be more applicable in situations of intensive, multi- 
ple sources such as domestic heating with sulphur bearing 
fuels, but even in this application, the emission standard 
Should be based on an ambient air quality with computed dis- 


persion rates for the multitude of sources. 


Sour Gas Processing and Sulphur Recovery plants constitute 
the ultimate step in the elimination of significant groups of 
multiple sources, by recovering and processing the many small, 
and often uneconomic quantities of HS containing gases 
associated with crude oil production. Flaring operations 
could not be controlled by emission standards where the 
quantity of gas is a function of the oil production rate, 

' and the concentration an accident of geologic history. 


In the rare case of potentially merging plumes from 
adjacent gas plants, the ambient air quality approach can 
dictate some method of plant production prorationing combined 
with changes in dispersion through temporarily elevated 
stack emission temperatures to meet the existing meteorological 


conditions. 
DR CANADIAN STANDARDS 


On October 21, 1971, the Honourable Jack Davis, Minister 
of the Environment, announced proposed National Air Quality 


“Ts 


’ oe 
earn 


| 7 
3 ra, Fi ule i 
? - a 


oa a ae 
noiswtll[ou wiA ters. ,s ees a ees: ‘evad alevougat 

aineiq ytevess1 miqive ont 3 2 ave | . 
eft sspetorq brabnste vrtRaap 


esD aoe ad? ot bexive cee 
stents yftstynsces ,Satsloel: eqn abe Ao 


~£F fun <eiihaiadint ae snoissutie af eideottons 

pefised wiigite ftiw pre json of3eemob se dove \asosvee 
brabiiste noleains sit 19k tend lags sid? of nove gud efs02 
-eib hesvamoo diiw yiifewe zits Jekdom mado beesd od bloode 

neoiyoe to shirdki lem edd -202 oe 7 

© aay 

gavtitencs eraslq yisvoosi sudiqive bim prlesesext asd tuo — 

19 aqudésy Jaesiiicpia Yo noissnimife add nt gots otsmitia ed? 
Liste yrsig offs priessnorg dns partevenst wd ,asczvoe siqttium hoe 

25260 - urtigissace SoH to aviditnsup cimoroosar mss20° BAB 3 

anoisezego pritsi® .aoisoubasy bio sboao ddiw beteivoses _ 

eds etadw abtabirate ootadion Yd bolforines ef toa-blvos on 

sisi moitovbexy (lo orfy to nétdvene! ek ese 20 yiensep 7 

sysosekd oigolosp to inebisss aa sossez9necno: ‘eds Sam oe 

om .23 re : ah 

mor? semuiq paloxen yiisitnedog % eeso sze2 ens apr iae © . 

neo dosctags ytilsup 1te tieldms sd \etaslq esp Snevs ths — wk 

hantdhoo eaiveltazong doivsyborg jnslq 2o bottom emoa ‘etstoth rae 

betavelse yLins10q%ss dpyoxds mokezegeth at eopasdodstw 
Lpoipolotessem prisaixe sft 265m 02 aswusstegnat aoteatmes Apeda 


_ -;  “ Seeowas near 


we 


” 
ie 


IV-6 


Objectives for five major air pollutants: - sulphur dioxide, 
particulate matter, carbon monoxide, photochemical oxidants 
and hydrocarbons. 


Mr. Davis noted that the Federal Clean Air Act was 
unique in that it called for three levels of air quality 
objectives - "desirable", "acceptable", and "tolerable" - 
for each major air pollutant, but his announcement concerned 
only the first two levels. Air quality objectives for 
nitrogen oxides, the sixth major air pollutant, are also 


under consideration and are expected to be announced shortly. 


Under the Clean Air Act, the National Air Quality 
Objectives are designed to protect public health and welfare 
by setting limits on levels of pollution in the air. The 
maximum acceptable level corresponds in concept to the 
secondary air quality standards recently announced by the 
United States and to air quality objectives in use by some 
provinces in Canada. This level is intended to provide 
adequate protection against effects on soil, water, vegeta- 
tion, materials, animals, visibility, personal comfort and 
'well-being. It represents the realistic objective today for 
all parts of Canada. When this level is exceeded, control 
action by a regulatory agency is indicated. 


The maximum desirable level defines the long term goal 
for air quality and provides a basis for an anti-degradation 
policy for the unpolluted parts of the country and for the 
continuing development of control technology. Maximum 
tolerable levels, to be announced at a later date, are 
intended to indicate the onset of an "imminent danger" re- 
quiring immediate abatement action. Air pollution episodes 
which sometimes result when pollutants accumulate during 
adverse weather conditions would fall within this category. 
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The proposed air quality objectives announced were developed 
in consultation with provincial officials and are based on 
the recommendations of a Federal-Provincial Committee of 
experts. Mr. Davis noted that the excellent cooperation 
between federal and provincial authorities was an indication 
of the very real desire of both levels of government to come 


to grips with the problems of air pollution. 


The proposed maximum acceptable levels and maximum 


desirable levels follow: 


Maximum Acceptable Levels 


Sulphur Dioxide 


- 60 micrograms per cubic meter (0.02 ppm) annual 
arithmetic mean 


- 300 micrograms per cubic meter (0.11 ppm) as a 
maximum 24-hour concentration 


- 900 micrograms per cubic meter (0.34 ppm) as a 
maximum one-hour concentration 


Particulate Matter 


- 70 micrograms per cubic meter annual geometric mean 


- 120 micrograms per cubic meter as a maximum 24-hour 
concentration 


Carbon Monoxide 


- 15 milligrams per cubic meter (13 ppm) as a maximum 
eight-hour 


- 35 milligrams per cubic meter (30 ppm) as a maximum 
one-hour 


Photochemical Oxidents 


- 30 micrograms per cubic meter (0.015 ppm) annual 
arithmetic mean 
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- 50 micrograms per cubic meter (0.025 ppm) as a 
maximum 24-hour concentration 


- 160 micrograms per cubic meter (0.08 ppm) as a 
maximum one-hour concentration 


Hydrocarbons 


- 160 micrograms per cubic meter (0.24 ppm) as a 
maximum three-hour concentration 


Maximum Desirable Levels 


Sulphur Dioxide 


- 30 micrograms per cubic meter (0.01 ppm) annual 
arithmetic mean 


- 150 micrograms per cubic meter (0.06 ppm) as a 
maximum 24-hour concentration 


- 450 micrograms per cubic meter (0.17 ppm) as a 
maximum one-hour concentration 


Particulate Matter 


- 60 micrograms per cubic meter annual geometric mean 


Carbon Monoxide 
- 6 milligrams per cubic meter (5 ppm) as a maximum 
eight-hour concentration 


- 15 milligrams per cubic meter (13 ppm) as a maximum 
one-hour concentration 


Photochemical Oxidants 


- 20 micrograms per cubic meter (0.01 ppm) annual 
arithmetic mean 


- 30 micrograms per cubic meter (0.015 ppm) as a maximum 
24-hour concentration 


- 100 micrograms per cubic meter (0.05 ppm) as a maximum 
one-hour concentration 
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7 E. PROVINCIAL STANDARDS 


At the provincial level, the most comprehensive 
standards are those established by Ontario and Alberta. 
Other provinces of Canada have not adopted such standards 
as yet or have only minimal requirements either at the 
provincial level or within metropolitan jurisdictions. 

The Alberta emmission and ambient air quality standards 

are included in the status report on the hearing. Values 
adopted by these two provinces for the same contaminants 

are comparable in general. The Ontario criteria for 
desirable air quality (Schedule 2) for sulphur dioxide is 
0.25 ppm for one hour, 0.10 ppm average for 24 hours and 
0.02 ppm average for one year. In Alberta the comparable 
ftevels are*Q7s50*for one™hour and 0.10 for 24"hours. For 
hydrogen sulphide, the Ontario desirable limit is 0.02 ppm 
for one hour, whereas in Alberta the specified limit is 0.03 


ppm for one hour and 0.005 ppm for 24 hours. 
F. COMPARATIVE AIR QUALITY STANDARDS 


The United States National Ambient Air Quality Standards, 
published in the Federal Register of April 30, 1971 for six 
major contaminants, are set forth in Table IV-1. The U. S. 
standards are of two types, primary and secondary. Primary 
standards are based on criteria regarding effects of the 
pollutants on human health, whereas the secondary standards 
include effects on other aspects of public welfare, i.e., 
social, economic, etc. In this connection, it is of interest 
to note that the U. S. secondary standard for sulphur dioxide 
permits a maximum concentration level of 0.50 ppm for 3 hours. 
This is much more realistic as regards effects on vegetation - 
a more sensitive receptor than man or animals - than the 
Canadian proposed federal standards or those of either Alberta 


or Ontario. 
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TABLE IV-1l 


U.S. Federal Ambient Air Quality Standards 
(Federal Register, Vol. 36, No. 84, April 30, 1971) 


Primary Standard - Secondary Standard 
Substance micrograms . peo micrograms —p-p-n. 
per m3 (by vol.) per m? my EVOL.) 


Sulphur oxides (measured as So.) — 


Annual arithmetic 80 0.03 60 0.02 
mean 

Maximum 24-hr. conc. - 365 0.14 260 0.10 

Max. 3-hr. conc. = - 1,300 0.50 


Particulate Matter — 
Annual geometric mean 75 60 


Maximum 24-hr. conc. 260 150 


Carbon Monoxide — 
Maximum 8-hr. conc. “10 mg/m3 9 Ae mg/m? 9 


Maximum l-hr. -conc. 40 mg/m? 35 ho mg/m? 35 


Photochemical Oxidants -—- 


Maximum l-hr. conc. 160 0.08 160 0.08 


~ 


me me a en ee 


Hydrocarbons (measured as carbon and corrected for methane) ~- 


Max. 3-hr. conc.(6-9a.m.) °160 0.2h 160 0.2h 


Nitrogen dioxide — 


Annual arithmetic 100 0.05 100 0.05 
mean 2 


Note: Measurements of air quality are corrected to a reference temoerature 
of 25°C and pressure of 760 Torr (1013.2 millibars). Maximum concentrations 
must not be exceeded more than once per year. 
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A comparison of U. S., Canada and Ontario standards 
for five major air pollutants is presented in Table IV-2. 
There are considerable discrepancies between the U. S. and 
Canadian standards. Those published by the U. S. Environ- 
mental Protection Agency are accompanied by a detailed 
description of the methods of air sampling and analysis 
that must be used to measure the required concentration 
levels of air contaminants. Such methods are a vital part 
of any standards because analytical methods may vary con- 
siderably as to range and sensitivity, precision, accuracy, 
specificity and interferences from other co-existing sub- 
stances in the sample. No methods of analysis are given for 
the Canadian and Ontario standards. This is a serious 


omission. 


Standards proposed for Canada are unrealistic as to 
potential effects on receptors. Levels for sO. and 
particulate matter are much too low. The annual and 24-hour 
maximum levels for photochemical oxidants are equivalent 
to or less than the natural background concentrations of 
ozone or oxidents prevailing in rural areas due to electrical 
discharges or diffusion to the lower atmosphere from the 


stratosphere. 


Annual geometric means for particulate matter can be 
exceeded by natural background contamination from windblown 
soil, vegetation and other particles such as pollen, spores, 
etc. Hydrocarbons emitted from forests in combination with 
natural evolution of oxides of nitrogen will yield higher 
concentrations of photochemical oxidants than those given in 


the Canadian standards for annual and 24-hour means. 


A maximum SO. levelg of 0.50, ppmetor se hours (U.S. 
Standard) is much more appropriate than the Canadian one-hour 


level. None of the standards for particulate matter specifies 
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TABLE IV-2 


Comparative Arbient Air Gualitv Standards 


Substance — - United States Canada Ontario 


Primary Secondary Maximun Maximum Desirable 
Acceptable Desirable Schedule 2 


Sulphur Dioxide —- Parts per million by volume - 
Annual Arithmetic 0.03 0.02 0.02 0.01 0.02 
mean 

Max. 2h-hr. cone. : 0.14 0.10 0.11 0.06 0.10 
Max. 3—-hr. conc. . = 0.50 — =a 

Max. l-hr. conc. - = 0.34 0.17 0.25 
Particulate Matter - Micrograms per cubic meter - 

Annual geometric mean win * 60 TO 60 60 
Max. 2h-hr. conc. 260 £150 120 - | 90 
Carbon Monoxice — Parts per million by volume - 

Maxirnun 6-hr. conc. ; 9 9 13 5 15 
Maxinum 1-hr. conc. 35 Bs 30 13 ho 
Averege 2h-hr. conc. - os - - | 8° 


Fhotochenical Oxidents - Parts per nillion by volume - 


Annual erithmetic mean > - 0.015 0.01 - 

Max. 24-hr. conc. - Ava 0.025 0.015 0.03 
Max. l-—hr. conc. : 0.08 0.08 0.08 0.05 0210 
Hydrecarbons —-— Parts per million by vclume - 

Max. 3-hr. conc., U-S. 0.2 wee udeoh “ * a 


(reesured as carbon and 
corrected for methane) 


Max. 3-hr. (no method specified) 0.24 
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the particle size range or chemical nature of the material. 
It is well known that the respirable range excludes particles 
larger than 7.5 microns in diameter. The usual method of 
sampling for particulates involves collection of a 24-hour 
sample by filtration of a measured volume of air. This 
collects material ranging from sub-micron size to "rocks" 

of 40 to 100 micron diameter. Mass concentrations without 
particle size distribution and chemical composition is 


meaningless as to potential effects on receptors. 


The State of California was the first government juris- 
diction to adopt ambient air quality standards in North 
America (State of California, Department of Public Health, 
1959 and 1962). Their published Air Quality Standards with 
Footnotes are presented in Table IV-3. The "adverse level" 
for sulphur dioxide at 1.0 ppm for 1 hour and 0.30 ppm for 
8 hours, on the basis of plant damage, is still the most 
realistic standard in relation to known criteria for the most 
susceptible species of vegetation. It is probable that the 
California limits of air quality will be superseded by the 
U. S. Federal standards. 


Limits of allowable concentrations of atmospheric 
pollutants established by the U. S. S. R. are presented in 
Table IV-4. Two limits have been adopted for each pollutant; 
a single maximum concentration, usually for a duration of 
about 20 minutes, and a 24-hour average concentration, in 
units of milligrams per m> Of alr. @*For SO. the maximum 
concentration in ppm by volume is only 0.19 and the 24-hour 
average, 0.057 ppm (at 25°C and 760 Torr). For hydrogen 
sulphide, the maximum level is equivalent to 0.02 ppm and 
the 24-hour average to 0.007 ppm. In general, the Russian 
limits are lower than those of any other nation in the world. 
However, a review of actual air quality data in Russian cities 


and industrial areas indicates that their standards have not 
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TABLE "I1V=3 


State of California Standards for Ambient Air Quality 


EY ONT A Sar a RA ie 
Level at which there will be 


POLLUTANT sensory irritation, damage 
: to vegetation, reduction in 
visibility or similar effects. 
Oxidant "Ord dant Index" 
0.15 ppm for 1 hr by the 
Ozone ’ potassium iodide method 
(eye irritation, plant damage 
Nitrogen Dioxide and visibility reduction) 
Hydrocarbons 


Photochemical Aerosols 


Si Osi le Eavicys 
Level at which there will 
be alteration of bodily 
function or which is likely 
to lead to chronic disease. 
Not applicable 
Footnote 1 
Footnote 3 


Footnote 4 \ 


Not applicable 


PEMERGESCY LEVEL 
Level at which itis 
likely that acute sickness 
or death in sensitive 
groups of persons will 
occur. 


Not applicable 


Footnote 2 


Footnote 3 
Footnote 4 


Not applicable 


Carcinogens Not applicable 


Sulphur Dioxide 1 ppm for 1 hr or 0.3 ppm 


for 8 hrs (plant damage) 


Footnote 5 


5 ppm for 1 hr (brons—- 
choconstriction in 
human subjects) 


Not applicable 


10 ppm for i hr (severe 
distress in human sub- 


jects) 


Sulphuric Acid Footnote 6 Footnote 6 Footnote 7 
Carbon Monoxide Not applicable 30 ppm for 8 hrs or Footnote §& 
120 ppm for 1 hr (inter— 
ference with oxygen 
transport by blood) 
Lead Not applicable Footnote 9 Footnote 9 
Footnote 10 
Ethylene 0.5 ppm for 1 hr or 0.1 Not applicable Not applicable 
ppm for 8 hrs (damage to 
vegetation) 
Particulates Sufficient to reduce visibilitv Not applicable Not applicable 
to less than 3 miles when 
relative humidity is less than 
70% 
Hydrogen Sulphide 0.1 ppm for 1 hr (sensory 5 ppm may interfere 50-100 ppm for 1 hr may 
irritation) with appetite in sensitive cause conjunctivitis and 
- _ groups and irritation 
Hydrogen Fluoride Footnote 11 Footnote 11 Not apolicable 


Footnotes to Table 3 


1. Ozone, at 1 ppm for 8 hrs daily for about a year, has produced bronchiolitis and fibrositis in rodents 
(Stokinger, H.E., Wagner, W.D., and Dobrogorsii, O.J. A.M.A. Archives of Industrial Health, 16:514, 
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FOOTNOTES TO TABLE Iv-3 (Continued..) 


1957). Extrapolation of these data to man is difficult. Functional impairment data have been reported by 
Clamann and Bancroft (Clamann, H.G., and Bancroft, R.W. Advances in Chemistry, No. 21, pp. 352-359, 
1959); at 1.25 ppm some effect is observed on residual volume and ciffusing capacity. The variability of 

the tests was not reported. Additional data would be needed before a standard is set. 

A value of 2.0 ppm of ozone for 1 br may produce serious interference with function in healthy persons, 

and the assumption is mace that this might cause acute illness in sensitive persons. (Clamann, H.G., 

op. cit.). . : 

Five ppm of nitrogen dioxide for 8 hrs will produce decreased pulmonary function in animals. Slightly 

more may produce pulmonary fibrosis (Stoxinger, personal communication); nitrogen dioxide from air 
pollution exposures is usuaily combined with nitric oxide and ozone. More data on human exposures will 

be needed prior to setting a standard. 

Hydrocarbons are a group of substances most of which, normally, are toxic only at concentrations in the 
order of several hundred parts per million. However, a number of hydrocarbons can react photochemically 
at very low concentrations to produce irritating and toxic substances. Because of the large number of 
hydrocarbons involved, the complexity of the photochemical reactions, and tke reactivity of other compounds 
such as nitrogen dioxice ard ozone, it is not yet possible to establish "serious" and "emergency" levels for 
hydrocarbons. From the public health standpoint, the concentration of those hydrocarbons which react 
photochemically should be maintained at or below the level associated with the oxidant index defined in the 
"adverse" standard. 

Carcinogens include a few organic compounds such as some polycyclic hydrocarbons, and some metals 

such as arsenic and chromium. Studies on effects of such substances are currently under way, but there 
are not sufficient data, at present, to set standards. In the meantime, it is recommended that concentra- 
tions of carcinogens in air should be kept as low as possible. 

A sulphuric acid mist level of 1 mg/m? with an average particle size of one micron will produce a respiratory 
response inman. (Amcur, M.O., Silverman,-L., and Drinker, P. Archives of Industrial Hygiene and 
Occupational Medicine, 6:305, 1952). It is not possible to generalize from this for all air pollution conditions, 
because under natural conditions, particle size will vary. Only with large droplets would sensory irritation 
be produced without other physiological effects. 


A level of 5 mg/m of sulphuric acid mist for a few minutes produces coughing and irritation in normal 
individuals (Amcur, M.O., Silverman, L., and Drinker, P. op. cit.). Presumably, it could cause acute 
illness in sensitive groups of persons in a period of 1 hr. 


Given certain assumptions concerning ventilatory rates, acute sickness might result from a carbon nuon- 
oxide level of 240 ppm for 1 hr in sensitive groups because of inactivation of 10% of the body's hemoglobin. 
In any event it is clear that when a population exposure limit has been set for carbon monoxide, because of 
exposures from other sources, community air pollution standards should be based on some fraction of this 
limit. 


It is clear that lead levels should be set on the basis of average values for long periods. While data are 
abundant concerning human response to eight-hours-a-day, five-days-a~week exposure, data are insuffi- 
cient for the effects of the continuous exposure inherent in community air pollution. While laboratory 
studies will be pursued wita vigor, it becomes very important that loca! agencies collect data on existing 
lead levels. Since lead exposures are from multiple sources, community air pollution standards should 
be based on a portion of the total limit for population exposure. 


Ethylene causes severe damage to vegetation. Ornamental plants are severely injured by exposures from 
0.2 to 0.5 ppm. Tomatoes and fruit are adversely affected at similar levels. 

Hydrogen fluoride and oxher airborne fluorides settle upon and some are absorbed into vegetation. When 
forage crops containing 30-50 ppm of fluoride measured on a dry weight basis are regularly consumed over 

a long period,the teethand bones of cattle may show changes, depending upon age, nutritional factors and 

the form of fluoride inzested. Such changes may or may not have any economic effect. Fluorides at these 
levels do not necessarily cause injury to the forage plants themselves. The irritating properties of hydrogen 
fluoride in experimentai human exposure have been manifested by desquamation of the sxin, at concentrations 
of 2-5 ppm. Mucous membrane irritation also occurs from hydrogen fluorides but quantitative data are not 
adequate to support a standard. 
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TABLE IV-4 


Russian (U.S.S.R.) Limits of Allowable Concentrations 


of Atmospheric Pollutants 


Limits of allowable 
concentrations in mg/m3 


| single average 
maximin daily (2h hrs) 


Sulphuric acid aerosol 0.30 0.10 
Sulphur AIEEE | 0.50. | O.05 
Hydrogen sulphide 0.030 0.010 
Hydrogen sulphide in combination . 

with petroleum gas 0.015 0.005 
Phenol 0.30 O.10 
Benzene 2.4 0.8 
Fiuorine compounds 0.03 0.01 
Carbon monoxide 6.0 7 7.0 
Hydrogen chloride ) ¢ 0.05 0.015 
Dust (non toxic) . 0.50 | 0.15 
Fluorine and its compounds (as .F) 0.03 : 0.01 
Nitrogen oxides 0.30 0.10 
Chlorine 0.10 0.03 


Lead ae 0.0007 
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been implemented as yet. 


A number of West German air quality standards is given 
in Table IV-5. In the case of sulphur dioxide, a peak 
level of 0.30 ppm is the maximum permissible concentration 
for three half-hour periods daily in excess over a steady 
value of 0.15 ppm. Under similar terms, the corresponding 
peak value for hydrogen sulphide is 0.20 ppm and the steady 
value 0.10 ppm. 


Japan has adopted an air quality standard for sulphur 
dioxide of 0.20 ppm for 3 hours. In the Netherlands, the 
sO, standard varies over the average range for 24 hours 
from 0.05 to 0.18 ppm, depending upon the nature of the 


area in relation to concentration of industry and population. 


An excellent review of air pollution standards that 
covers the practice in many countries of the world has been 
presented by A. C. Stern in Chapter 51 of Volume III of 
"Air Pollution", Second Edition, Academic Press, 1968. In 
Canada, the Associate Committee of the National Research 
Council has not accepted the conclusions reached in the 
Air Quality Criteria Documents published by the National 
Air Pollution Control Office of the United States (EPA), 
believing that many of the findings reported in the litera- 
ture by scientific investigators have not been properly 
interpreted. It is believed that more accurate criteria 
on which to base standards will become available to Canada 


as a result of these NRC studies. 
G. AMBIENT AIR STANDARDS FOR ALBERTA 


(1) Present Protection 


In Section II, an effort was made to indicate the limits 
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TABLE IV-5 


West German Air Quality Stendards 


VDI - Kommission Reinholtang der Luft) 


Maximum permissible 


concentration 
Steady Value Peak Value ‘* 
(as half-hour (as bales 
average ) average) \© 
Pes 
Sulphur Dioxide 0.30 
Oxides of Nitrogen 1.0 
Chlorine O55 
Hydrogen Sulphide 0.2 


(a) Permissible excess over steady value. 


(b) Not to be exceeded more than three half-hour periods daily. 


o% —-——e 


———— et — - ‘ 
Fett Hmet | sV vbsese q eA 
a ~ si 2it za) ‘ isd 2) 7 
f 
OF (saqetove (sgsteve = | 
: 22 GS 
om —— 


O£.0 7 ef.0 ab txoid | em ¥ 


O.J | ¢.90 aegor3if Yo nebtsO” 
ao ; c.0 eabsatd9 “= 
' > an 
$,.0 | c.0 | : shidgina noZo alll rae 
| + ual yeh: ces | 
eae 2 


ead 


; hs 32 
.suicv ybaste tevo u29D%0 otteamtet (8) " 


ce 7 pee 


-Yitab ebotieq aword-TLlet sone natty 2300 bebasoxo od ot som @ cm 


mney. 48! 


iv-13 


of SO, and HS that can be tolerated by the environment. 
Now let us examine the limits as set by the Alberta Depart- 
ment of the Environment on these compounds. Table IV-6 
gives the Alberta Ambient Air Quality Standards for SO,, 
H,S, and several other pollutants. The one hour average 


concentrations limit for SO, is 0.30 ppm and for Hos it is 


2 
0.030 ppm. In the case of SO. 


that a concentration of 0.30 ppm presented no detrimental 


previous discussion showed 


effects on the most sensitive plants, when exposed to such 
concentrations for four hours per day for a month. Thus 
the limit of 0.30 ppm for one hour for so. is more than 
adequate to protect vegetation, animals and humans. 


Similarly the limit for H,S is well below any concentrations 


2 
that would harm the vegetation or humans. The twenty-four 
hour limits of 0.10 ppm and 0.005 ppm respectively for SO. 
and H.S currently in effect in Alberta are also well below 


those that studies shows would cause adverse effects. 


The Ambient Air Quality Standards published by the 
Department of the Environment in Alberta are designed to 
"protect the health and welfare of all citizens and maintain 
the quality of the Province's air resource and prevent inso- 
far as possible, deleterious effects to animals, plants and 


property". 


Further to the Ambient Air Quality Standards, the Report 
has provided a schedule of "Maximum Calculated Ground-level 
Concentration Standards". A comparison of these standards, 
together with those recommended under the Federal Governments 
Clean Air Act are shown in Table IV-7. Significantly, the 
Federal (Canada) and Alberta standards include "welfare" as 
their objectives, which implies that both damage and nuisance 
levels have been fully considered. Further the "welfare" 
objective provides a safety factor beyond the critical levels 


for plant damage. 
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TABLE IV-7 


SULPHUR DIOR TDS (PPM) 


FEDERAL AIR QUALITY ALBERTA 
OBJECTIVES AMBIENT STANDARDS DESIGN 
(MEASURED) (CALCULATED) __ 


(a) TOLERABLE 


(b) ACCEPTABLE 


7 2enour ---- O72 
1 hour 0.34 | 0. 30 

Z4eghours OA. 0.10 

Annual 0.02 


(c) DESIRABLE 


enol OL 7 
24 hours 0.06 


Annual Whe (6) 
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The "Maximum calculated groundlevel concentration 
standards" provide adequate safe design criteria, for 
sulphur plant stack heights. Summarily, the Alberta 
standards allow for two orders of safety beyond the levels 
where plant damage could occur. The absence of SO. 
vegetation damage downwind of gas plants in Alberta 
verifies the cautious approach used by the authorities 


to date in granting approvals. 


(2) Alberta Standards in Light of Others 


Ambient Air Quality Standards established by various 
Government agencies in the United States and Canada are 
listed in Table IV-8. 


It can be noted that there are considerable discrepan- 
cies between the Canadian proposed objectives and the U. S. 
standards. A maximum acceptable limit of 0.34 for one hour 
is unrealistic in terms of known criteria for sulphur 
dioxide effects on sensitive plant species. This type of 
exposure is harmless and very much below the exposure 
threshold for minimum leaf injury. The U. S. (EPA) second- 
ary standard of 0.50 ppm for 3 hours 9 
relates to effects on public welfare (including vegetation), 
comparable to the Canadian definition of a "desirable" 
level. It is a much more realistic limit for protection 
of plant life. In Alberta, the SO. Standard is set at 
0.30 ppm for one hour and 0.10 for 24 hours. 


is one that 


Maximum 24-hour concentrations at all the levels 
indicated above are meaningless regarding vegetation, 
unless they include several hours of peaks greater than 
0.50 ppm. On the basis of both experimental studies and 
field experience, 24-hour exposures in the range of 0.14 
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.to 0.10 ppm are very much below threshold limits, since 
normal crop plants can be grown in a continuous atmosphere 
at such levels. 


With reference to emissions of sulphur dioxide from 
large sources, the major concern is the prevention of injury 
to native vegetation and agricultural crops. This protec- 
tion can be achieved by the establishment of limits such 
as 0.75 ppm of sulphur dioxide for one hour, 0.50 ppm for 
3 hours and 0.30 ppm for 6 hours. For a given set of 
environmental factors conducive to a high degree of plant 
susceptibility, the relation between limiting concentration 
and duration of exposure to SO, is not a simple straight 
line function but is an exponential relation. As the 
concentration is decreased, the exposure time increases 
exponentially until a sufficiently low concentration is 
attained that is non-toxic throughout the life cycle of 
a plant. 


(3) Future Trends 


The problems with H,S and SO. around sour gas opera- 
tions can be classified into two categories: as potentially 
harmful to frowth and health, or as a nuisance due to bad 
odours. It was shown that the Alberta Ambient Air Quality 
Standards currently in effect are already more than adequate 
to protect the health of vegetation, animals and humans. 

The main source of sO. is the sulphur plant stack. Reducing 
SO. emissions from this source will have no bearing on the 
other problem, namely, odours around sour gas operations. 

As mentioned, the odours are due to hydrogen sulphide and 
mercaptans, and none of these compounds originate from the 
sulphur plant stack. Thus enforcing a more stringent 
standard with regard to sO, will have no bearing on the 
problem of odours, as the threshold odour concentration of 
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SO, is 0.47 ppm, which is higher than the one hour so, 
limit of 0.30 ppm. Since the current Alberta Ambient Air 
Quality Standards are already more than adequate for the 
protection of the environment, a further restriction would 
be analogous to imposing a 30 m.p.h. speed limit on the 
No. 2 highway between Calgary and Edmonton, in order to 


improve traffic safety. 


In Alberta, The Department of the Environment sets 
the Ambient Air Quality Standards, and the Energy Resources 
Conservation Board monitors and enforces these standards. 
However, under current practice, the Board has superimposed 
its own sulphur plant stack emission standards, which are 
in many cases more stringent that the Air Quality Standards. 
It is strongly felt by industry that the approach to this 
overall problem of ambient air quality should be through 
the Department of the Environment setting the Ambient Air 
-Quality Standards, and this should be sole criterion for 
monitoring the performance of sulphur plants. Thus the 
performance of the sulphur plant operation should be judged 
on the so. content of the surrounding air. The present 
system of two agencies of the government setting different 
regulations on SO. levels is not a desirable situation for 


the operation of sulphur plants. 
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V STACK DESIGN 
A. PREDICTED GROUND LEVEL CONCENTRATION 


Sulphur plant waste gases are emitted to the atmos- 
phere through incinerator stacks designed for maximum 
ground level concentrations of sulphur dioxide to be within 
the half-hour concentration standard applicable to the area. 
The design calculation principles currently utilized by the 
Energy Resources Conservation Board are the analytical type 
models of Sutton and Pasquill (Dept. Health Handbook) ‘+)_ 
Industry experience indicates that stacks designed by these 
methods provide more than adequate environmental protection 


at ground level by virtue of measured SO. ground level con- 


2 
centrations being less than ambient air standards 99% of the 
time '2) It is also recognized that other factors affecting 


low ground level concentrations could be plant gas through- 

put volumes less than design maximums and because stack design 
criteria of critical atmospheric wind speed is experienced 

only a minor portion of the time. Incidents of ground level 
concentrations exceeding standards to occur on occasion be- 
cause of topographical or meteorological phenomena. The Top- 
Ographical exceptions may be precluded in future with improved 
air quality modelling techniques while the meteorological ex- 
ceptions, because of unpredictable intensity and occurrence 
currently are regarded as impractical to prevent. Despite 
these phenomena it is contended there is no conclusive evidence 
of vegetation or animal damage in this province resulting from 
sulphur plant stack emissions. Concern in the past over 
"nuisance" odors are believed primarily to have resulted from 
problems in field well operations. These operations have 

been materially improved during recent years with an accompany- 


ing reduction of field area resident complaints. 
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The CPA agrees with the statement of the ECA Situation 
Report that while, "the formula used to establish a proper 
stack height for a pollution emission rate have a certain 
amount of physical justification, they are basically just 
useful approximations". However recognition must be given 
to the predicament of obtaining more data and utilizing 
involved techniques at considerable cost for those cases 
where there is only a marginal improvement in prediction 
capability. The present Sutton and Pasquill methods have 
been found to be appropriate generally for level terrain con- 
ditions but may provide erroneous predictions for signifi- 
cant topographic features. Undoubtedly as technology develops 
in this area it will be applied by industry and accepted by 


regulatory bodies. 


Be ANALYTICAL MODELS 
Bibbero oD States "...the primary question asked of 
a mathematical model (is): "What will be the pollutant con- 


centrations at any point in the air quality region, given 
all the data on sources and meteorological conditions. In 
theory, a complete answer to this question can be given 
only j,be; continuously. tracking, che, pollutants: emitted trom 
individual sources and computing the concentration of each 
species at every point as they are transported by wind, 
spread, by. diffusion,..mixed by, turbudence,, and. renlected. or 
channeled by surfaces such as ground or valleys. The basic 
consideration of mass continuity in fluid dynamics leads 
to complex vector equations that describe the time varying 
changes in the concentration field. The problem is much 
Like that. Olntrying.to describe, thewchangingasntensity of 
a soluble dye at every point after it is dropped into a 
sWinling,.turbulent brook, except that (in air quality 


modelling) we must also account for the chemical decay of 
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each species with time and their reactions to each other." 


(4) 


The equation basic to modelling after a number of 
simplifications which neglect the small rates of molecular 
diffusion as compared with the much greater turbulent eddy 
diffusion (E) coefficients, results in an expression of the 
following form: 


1) 


3c +U . VC=V. EVCt+tgtq +R 
= BP 


Where: 


€ Pollutant concentration 


E Eddy diffusivity with components Ex, Ey and Ez 
in the x, y and z directions, respectively 


time 


Rate of disappearance of pollutant due to reaction 


| 2 


Time averaged air velocity vector consisting of 
Vectors 1,0 and w in the. x, vy and. zadarections, 
respectively 

g...4 pollutant source rate 

ga Pollutant ground adsorption rate 

This equation assumes that the air density does not 


change with space or time. 


The exact solution of (1) is difficult to implement 
because of the serious problems in defining the diffusion 
coefficients E, and the non linear nature of the chemical 
reaction term R. The diffusion coefficient E is a function 
of the size and the velocities of the turbulent eddies which 
in turn depend on many factors and interactions and as a 
result become very complicated functions of their positions 
in the field. 
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If the chemical reaction and ground adsorption terms 
are ignored and the magnitude of the diffusion coefficients 
is considered known (may be determined from the field data), 
then the exact solution for the steady state version of 
equation (1) can be obtained. The wind velocity and diffu- 
Sivity may be either assumed constant or allowed to vary 
as a known power law function. 

Sutton '?) 
ing height dependent diffusivity and velocity and concludes 


solves for pollutant concentration consider- 


that use of velocity given by one-seventh power law and eddy 
diffusivity given by six-sevenths power law, gives ground 
concentrations in good agreement with observations of smoke 


dissipation from a continuous line source. 


Rather than employing a purely analytical solution, 
useful attempts (such as one due to Pasquill ‘°?) have been 
made to utilize the statistical properties of turbulence. 

The most popular scheme is to assume that the plume on a 
single species of effluent (neglecting any chemical reaction) 
from each source spreads out randomly as it is blown downwind 
(Gaussian Plume Model). Thus, the pollutant concentration 
along any axis across the plume's cross section is distributed 
according to the familiar Gaussian or bell shaped curve (see 
Figure V-l1). A continuous point source is located at x=y=z=0. 
Dispersion in the x-direction downwind of stack (or source) 


is ignored and the mean wind speed is assumed constant in time. 


The pollutant concentration at any point is then 


given the following relationship for wind in the x-direction: 
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Where: 


Ss Standard deviation of horizontal gas 
Y concentration distribution in plume 
oe 
Z 


Standard deviation of vertical gas 
concentration distribution in plume 


4 Lateral distance from vertical plane 
through the stack (or source) and parallel 
to mean wind direction. 


Z. Height above ground 


and other symbols are the same as previously presented. 


It is noted that the previous problem of determining 
the diffusion coefficients E has been offset by a similar 
problem in the Gaussian plume model of evaluating new 
statistical variables ah, and o,- A number of field studies 
however, have been conducted resulting in expressions 
capable of defining the standard deviations in terms of 
diffusion parameters. The diffusion parameters in turn 
depend on stability, mixing depth as well as the gustiness 
of the wind. These factors, of course, vary with terrain. 
Although rather extensive evaluation has been conducted 
in Brookhaven National Laboratories where the ground is 
flat and wooded and in the rolling country of Porten, England, 
the terminology used to describe stability and the numerical 
values obtained have not been in perfect Screcnentue. Thus 
there is still a problem in finding the correct numbers to 


put into diffusion equation. 


Despite the difficulties of finding appropriate diffu- 
sivity parameters the analytical models have been used ex- 
tensively to locate and design stacks for industrial plants. 


They have been routinely used by the Alberta Energy Resources 
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Conservation Board and prior to that by the Department 
of Health to determine the average distribution of pollu- 
tants around gas plants. Their popularity stems from the 
fact that these models are inexpensive and easy to use. 
At the same time they provide reasonable answers for cases 
involving flat topography and simple meteorological condi- 
tions. 

A number of field tests of analytical SEpe I Re 
are reported in the literature. Generally, the resolution 
of the models appears to be a kilometer or more in space 
and from two hours to a month in time. Perhaps the most 
extensive tests of Gaussian Plume models have been conducted 
by Miller and Holzworth ‘+9) 


These authors were able to report 90 percent of two hour 


in three different cities. 
averages correctly within .01 ppm. 


Considering the coarseness of the input data, the model 
results are acceptable. Nevertheless, they are severely 
limited by their inability to account for the time variation 
of source strengths, and their limitation to single sources 
and inert contaminants. Their most severe limitation for 
routine use for gas plants lies in their inability to account 
for uneven terrain and unusual meteorological conditions such 


as fumigation. 
GC. NUMERICAL MODELS 


The limitations of the analytical solutions of the 
diffusivity equation lead to the development of more 
ambitious models which solve some form of the diffusivity 


equation numerically, usually employing computers. 
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The approach generally has been first to numerically 
solve the equations expressing conservation of momentum 
of the wind field to account for its modification due to 
topographical effects or large urban buildings. The 
velocity distribution thus obtained at each grid point is 
used in the numerical solution of the convection-diffusion 
equation (1). The diffusion coefficients for a given geo- 
graphical area for the numerical models are normally ob- 
tained by history matching the existing concentrations. 
Several recent publications have described methods which 


can include topographical effect (11) (12) (13) 


ay ATS) 


or large 
urban buildings 


ee al. use a modified form of the three- 


Lantz 
dimensional equation for velocity potential. The modi- 
fication includes 1) inviscid potential flow at high 
elevation, and 2) height dependent coefficients which 
account for surface friction in the boundary layer. This 
emperical modification causes the horizontal velocities 
to vary with height. This formation of the convection- 
diffusion equation also includes the terms defining first 
order chemical reaction (with no interaction of components) 
and an approximate ground adsorption term. Calculated 
results from the numerical models are in good agreement with 
Gaussian Plume models for simple level terrain cases, but 
for complicated terrain cases numerical model results are 
different and appear to be more accurate than the plume 


models. 


The state of the art of numerical modelling does not 
permit yet the theoretical calculation of diffusion con- 
stants, however, it does provide for the standardization 
of the model for a given geographical area and meteorological 
event by history matching the observed ground level con- 


centrations. The diffusion constants determined in this 
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fashion can then be used confidently to extrapolate the 
results to account for additional sources and background 
concentrations, different wind velocities, or change in 
plant operations. In addition, these models allow the 
diffusivities and the wind velocity to become arbitrary 
functions of space and time. This means that certain 
meteorological phenomena like the mountain and valley 
winds, or the land and lake breeze can be adequately 
accounted for. Numerical modelling allows for transient 
concentration calculations which enables one to compute 


concentrations during fumigations and well flaring. 


An important advantage of numerical models is that 
they allow the consideration of the effect of topography 
on modifying wind field. The problem is illustrated in 
Figure V-2. The length of the arrows in this figure 
represents the magnitude of the wind velocity. In the plume 
models it is assumed that the hill acts as a "Sieve" and thus 
the wind field remains unaltered. With the numerical model, 
the highest pollutant concentration over a hill may be as much 


(13) 


as an order of magnitude _lower than the plume model due 


to recognition of the change in the vertical wind direction. 
D. VARIABILITY OF PLUME RISE ESTIMATES 


Under most predictive modelling situations,the value 
of effective stack height is an influential parameter for 
ultimate stack design. Effective stack height is the 
effective emission level of the plume relative to the 
ground having regard to thermal and momentum rise of the 


stack effluent as well as the actual stack height. 


The rise of a plume of waste gas from a stack depends 
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upon a considerable number of factors that include stack 
parameters and variable meteorological conditions. The 
most important stack parameters are the momentum and 
buoyancy (or heat emissions rate) of the waste stack gas 
while meteorological variables include wind speed, air 
temperature or density and conditions of atmospheric 
stability. Plume rises for a given set of stack operating 
parameters also will vary over a wide range under different 
degrees of atmospheric stability such as unstable, neutral 


and stable or inversion conditions. 


Atmospneric conditions that produce changes in turbulence 
would affect the rates of dissipation of momentum and heat 
content of a plume and the resultant height to which it will 
rise. During period of strong directional wind shear, much 
lower plume rises would occur as a result of more effective 
mixing in the atmosphere, reduction in buoyancy and increase 
in surface area of the plume. Topographical features of the 
terrain, such as variations in elevation of the surrounding 
area and heights of buildings at the plant site, also exert 


a considerable influence on plume rise. 


Many plume rise models and formulae have been proposed 
bYVeveGLOUSBaUCNOLS. LOLCalLCulate the rise (ot cas soiume tor 
small, medium and large process units or power plants. The 
analysis of sulphur plant plumes, wherein thermal parameters 
in particular and momentum parameters are significantly 
different from these power plant data, is presently under 
review. A recent analysis of the data on observed versus 
calculated plume rises from power stacks by seventeen 
different formulae has been made by Moses and Keeani oh 
This investigation was based on 615 measurements arising 
from ten different plume rise research programmes using 


26 different stacks. For the 615 cases, the mean ratios 
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of observed to calculated plume rise values from the 17 
formulae varied from a low of 0.27 (overestimation of 


calculated values) to a high of 7.8 (under-estimated) . 


A summary of the comparative data obtained in the 


study of Moses and Kraimer is presented in Table V-l. 
TABLE V-l 
Mean Ratios of Observed to Calculated 


Plume Rise Values 


Moses & Kraimer 


Stack Height HO. OL Concawe Lucas, Moses & Briggs Holland 
Range Obser- Moore & Carson 

vations Spurr 

(17) (18) (1:9) (20) (29 

Small Stacks 166 50 0.16 2a) O39 2 ayes ye 
Intermediate ehayy2 On 69 0.28 1.06 0.84 2ead 
Large Stacks 58 0.78 0.54 aL Se 0.74 0.95 
(range, about 100-183 m) 
All sizes 615 O90 Ue LoS 0.84 3.00 


The procedure presently recommended by the Department of 
Environment ‘1? (Dept. Health) has as its basis the Bosanquet, 
et.al. procedure. The Department's procedure includes two 
important modifications. First, an essentially neutral 
temperature stability condition is assumed to exist; and 
second, a’ tactor or 75 per cent to the total calculated rise 


is applied. For a flare stack, a 50 per cent factor is used. 


(22) 


A comparison by Agrawal of stable temperature gradient 
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plume rise calculations made for an Alberta sulphur plant is 
shown by Table V-2 and indicates the variance possible 


using "accepted" methods. 


TABLE V-2 


Comparison of Plume Rise Calculations 


Method Momentum Thermal Total 
pilere Ei. ph 
Bosanguet, et. aly (23) 70 400 470 
Alberta Dept. Health (1) 50 420 470 
Holland 50 180 230 
Bosanquet (24) 60 310 370 
Briggs (25) eS 300 300 
Concawe == 450 450 


From a numerical model history match of measured 
ground level SO, concentrations, the best agreements 
were obtained using the Holland and Briggs methods; the 
Holland for wind speeds larger than 5 mph and the Briggs 
for wind speeds below this value. An interesting fact of 
this observation is that each method utilizes a different 
dependence on variables like Volume throughput and wind 
velocity. The Holland formula indicates a direct pro- 
portionality of plume rise with volume throughput and 
an inverse proportionality with wind speed. In contrast 
the Briggs'expression shows a 1/3 power dependence on 
volume throughput and between a negative 1/3 and negative 
1 power dependence on velocity (the variation depending 
on atmospheric stability). Thus sensitivity to volume 
throughput and wind velocity can be quite different when 


using either of the two different expressions of plume 


rise. 
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It is clear that considerable caution must be 
exercised in the use of a particular plume rise formula 
for stack design purposes. The subject still requires 
considerable research to develop a satisfactory plume 
rise model that will include all of the important factors 
particularly related to sulphur plant emissions. In the 
interim, industry generally accepts the Bosanquet et. al. 
modified calculation when used in conjunction with the 
Sutton or Pasquill formula because experience has shown 
that the resulting ground level concentration measured 
will be well within the ambient air standards. Certain 
Situations may arise where dignificant topographical 
features may require more involved consideration of stack 
height calculations and industry and government should 
appreciate and utilize technical advances made in this 


regard. 
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MONITORING PRACTICES 


The sulphur recovery operations sector of the gas 
industry in Alberta since its inception in 1951 and particu- 
larly over the last five years, has devised a conscientious 
emissions surveillance program which, in its technical 
advancement, thoroughness and size, makes it unique in the 
world. The measurement and monitoring methods developed 
have assisted the industry in the understanding and upgrading 
of the sulphur recovery process with a corresponding reduc- 
tion in emission levels. The increase of the overall recovery 
of sulphur in Alberta is demonstrated in Figure VI-1 which 
shows the sulphur recovery expressed as a percent of sulphur 
content contained in all gas produced (including flared gas) 
in Alberta. 


A. DIRECT MONITORING 


1. Process Monitoring 


a. Daily Plant Balance 


Due to diverse ownership of most gas processing plants 
and the requirements of the Oil and Gas Conservation Regula- 
tions, each gas processing plant maintains accurate produc- 
tion records. This involves a daily plant balance showing 
the gas and liquids received at the plant in comparison to 
the gas sold and products recovered or flared. With the 
knowledge of the composition of the gas and liquid streams 
from routine plant tests, the day's operations are evaluated 
with respect to recovery efficiency in order to effectively 


control the operation. 
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b. Routine Operating Control 


The most recently constructed gas processing plants 
have sophisticated analyzing and control systems. For 
those plants where such equipment is not installed, effective 
control of the processes is achieved by manual techniques. 
In the latter instance many plants perform wet tests, 
incorporating variations of the Tutweiller test to determine 
the hydrogen sulphide content, and a back titration to 
determine the sulphur dioxide content of gases from various 
stages of the process system to maintain operating efficien- 
cies. In the larger and more recent plants, operating 
control samples are analysed using gas chromatography. 
Process control instrumentation is not a requirement by 
any regulatory agency. Nevertheless, as early as 1962, 
process monitoring was applied using gas chromatographs 
on a continuous basis in the interest of improving sulphur 
recovery efficiency operations. At the same time, to benefit 
from monitor data, it became apparent industry required 
increased knowledge of the Claus reaction and associated 
factors, such as the condition of the catalyst, changes in 
feed composition, operating temperatures and the hydrocarbon 


content of the feed which influence the conversion efficiency. 


It is estimated that fifteen plants operating in Alberta 
now are using some form of process control in their sulphur 
recovery operations. All of these process control units are 
believed to be based on tail gas analysis using chromatography. 
Another approach using the principle of ultra-violet light 
absorption has been developed recently and is presently under 


consideration by a number of plants. 


One concept in sulphur recovery operations of optimiza- 
tion of the process by closed loop control is indicated in 
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Figure VI-2. Information on composition and rate of acid 
gas feed are fed to an analog feed forward computer, while 
the H,S/SO, tail gas ratio readings are supplied to a feed 
back computer. These data are weighted to optimize and 
control the process variables. One such installation has 
been made in an Alberta plant. 


2. Stack Emission Measurement 


Determination of the emission rate from a stack using 
conventional methods involves the measurement of the velocity 
and composition of the effluent gas. The test, which takes 
about eight hours to perform, is conducted in accordance 
with methods prescribed by the Department of the Environment. 
During the survey, every effort is made to hold the operating 
level of the plant steady at a minimum of 90 percent of the 
design or approved capacity of the plant. 


The effluent velocity is obtained by running a series 
of traverses across the stack with a pitot tube to which a 
sensitive draft gauge is attached. Stack temperature is 
determined by a thermocouple in the gas stream while compo- 
sition of the effluent is determined by chemical absorption 
of sulphur dioxide, carbon dioxide and oxygen from a sample 
of gas drawn from the effluent stream. After each test, a 
report is prepared showing the effluent velocity, composi- 
tion, tons jor so. emitted and the plant efficiency calcula- 
tions. This is compared to the plant material balance data 


and its calculated efficiency. 


In 1970 the ERC Board required some form of continuous 
monitoring devisce to be in operation for all plants recover- 
ing more than 100 long tons per day of sulphur. In response 
to this requirement, two types of systems have evolved. 


The first is one which gives a continuous record of the gas 
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velocity and concentration of sulphur dioxide from which 
the Sulphur emission rate is computed manually. The 

second provides a direct record of the quantity of SO. 
being emitted on a continuous basis. A block diagram of 


the latter type is shown by Figure VI-3. 


Two methods are available for determining the compo- 
Sition of SO, in the stack. The first is by gas chromato- 
graphy and the second utilizes ultra-violet light. The 
former has a sampling cycle of one analysis in anywhere 
from 8 to 12 minutes, depending upon the design of the 
chromatograph. The ultra-violet method provides an 


instantaneous, continuous analysis. 


As indicated in Figure VI-3, the signals from the 
primary measuring elements are received by an analog 
computer from which a direct record of the long tons of 
Sulphur or sulphur dioxide are displayed. The plant 
operators use this record to observe the emission from 


their operations. 


Difficulties have been encountered in obtaining 
continuous operation of these devices. The major problems 
occur at plants with the older type corbel construction 
concrete stack or those which subsequently had been relined 
with stainless steel. The distance between the inner and 
outer sections of the latter stacks are in some instances 
as much as 10 feet. This makes it difficult to maintain 
high enough temperatures in the sample stream because of 
excessive heat losses from the sample lines. Also, in 
some stacks, refractory material, salts of various types 
or other materials from side streams admitted to the incin- 
erator for efficient disposal, and other foreign material, 
lead to plugging of the sample probe and the velocity 
measuring device. These problems are gradually being over- 
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come and on stream performance with reasonable accuracy 
is being obtained 90 percent of the time. 


There are 40 sulphur recovery plants operating in the 
Province of Alberta, of which some 25 have a requirement 
for the installation of a continuous stack monitoring 
device. Of these, 15 have mass emission measurement based 
on ultra-violet analytical methods, and 7 use gas chromato- 
graphy. Only three use concentration and velocity informa- 
tion to manually compute the emission rate. 


3. Ambient Air Quality Monitoring 


The ocean of atmosphere covering the earth is the 
repository of an enormous amount of waste material. Air 
has many self-cleansing processes which, if not over- 
burdened permit the maintainance of a reasonable level 
of purity in the atmosphere. Waste material has natural 
(ash from forest fires, volcanoes, dust storms), as well 
aS man-made (industrial effluents) origins. 


The most important atmospheric process for handling 
wastes is simple dilution. There are 4.9 x sae million 
cubic miles of "useful" air which could safely contain 
enormous quantities of foreign material if it was adequately 
dilute. When pollutants are discharged into the air, their 
dilation and diffusion are related to the prevailing 
meteorological conditions, which directly influence ambient 


air quality. 


Ambient air quality monitoring by the sulphur recovery 
plant operators in Alberta goes back to 1958 when the first 
exposure cylinder stations were installed at a plant in 
southern Alberta. In 1960, the first continuous monitoring 
instruments were installed at sulphur plants. Parallel to 
the monitoring done by industry, the Department of Health 
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(presently Department of the Environment) maintained sur- 
veillance of the air quality around gas plants. 


A. EXPOSURE CYLINDERS 


Exposure cylinder stations are widely used as a 
practical method of measuring total sulphation and hydrogen 
sulphide concentrations in ambient air. The exposure 
cylinder method gives a cumulative, rather than instantan- 
eous, measure of air quality. It is a method intended to 
determine the relative sulphation from place to place and 
to indicate long-term trends in pollution level. The 
method is used to determine any pollution pattern over an 
area, and to detect trends in the values of sulphation and 


hydrogen sulphide. 


A station is made up of two cylinders, one based on 
the lead peroxide method for total sulphation, and the 
other for hydrogen sulphide, using zinc acetate. The lead 
peroxide cylinder consists of a 100 cm? strip of sulphur 
free gauze fitted around a non-reactive cylindrical holder 
and coated uniformly with a lead peroxide (PbO.) paste. 
When exposed to the atmosphere, the lead peroxide reacts 
with atmospheric sulphur compounds to form lead sulphate 
(PbSO,). The sulphate is measured isegeitcer cre and 
reported as milligrams of SO, per 100 cm” per day. 


For detection of hydrogen sulphide, a similar cylinder 
is wrapped with a 100 om? strip of filter paper impregnated 
with zinc acetate (Zn[CH,0,],). Atmospheric hydrogen 
sulphide reacts with the zinc acetate to form zinc sulphide 
(ZnS). The sulphide is measured volumetrically and reported 
in the same units as total sulphation (MgSo, per 100 om? per 


day). 
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For protection from mechanical injury and precipita- 
tion, both cylinders are sheltered in a small box with metal 


top and louvered sides. 


The use of exposure cylinders goes back as far as 1932 
to the Department of Scientific and Industrial Research in 
England. Since the original applications, subsequent research 
has been carried out to determine the effect of meteorolo- 
gical parameters on reaction rate and to eliminate sources 


(1) 


of error in the preparation and analysis of the cylinders. 


Studies conducted on the accuracy of the lead peroxide 
method have indicated the following: 
a. The formation of PbSO, is proportional 
to the concentration of SO. for the 
ranges encountered in the atmosphere; 


b. The rate of reactivity is not significantly 
altered by wind speed or changes in relative 
humidity, but is affected by changes in 
ambient temperature or moistening of the 
lead peroxide surface. The reaction rate 
was also found to be a function of the 


PbO. particle size. 


Z 
c. Total error of sampling and analysis is esti- 
mated to be in the order of 10 percent. 


In standard use, care is taken in the preparation of 
PbO. paste to ensure a uniform and standard particle size. 
Moisture effects are virtually eliminated by proper use of 


the louvered shelter. 


Further studies have indicated reasonable correlation 


between total sulphation and SO, concentrations (2, 3). One 
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such study was carried out over an eighteen month period 
in the vicinity of one of Alberta's major sulphur plants 
Ne Good correlation was found to exist both between 
the exposure cylinders and wet chemical determination 
by the modified West Gaeke procedure. No variation in 
the rate of reaction of the lead dioxide was apparent 
from summer to winter. In fact, the exposure cylinder 
results closely followed the trend to higher sulphation 


values in the winter as indicated by the other two methods. 


Great care is taken in the placement of the exposure 
cylinder stations. Locations of particular interest in 
the plant vicinity include hilltops, valleys, towns, farm 
houses, and recreational areas. Other stations are then 
located to cover the area on a predetermined grid system, 
with special attention paid to the prevailing downwind 


direction. 


Exposure cylinders were in service in the vicinity 
of Alberta sulphur extraction plants at over 350 permanent 
sites in 1971. Plants utilize between 4 and 40 stations, 
depending on size. The cylinders are changed and analyzed 
at the end of each calendar month in accordance with 
standard practices set out by the Department of the Environ- 


ment, and results are reported to the Department. 


The network of exposure cylinders has faithfully 
recorded the air quality trends in the vicinity of Alberta 
sulphur plants for the past fifteen years. Distinct 
correlations have been noted between exposure cylinder 
data and sulphur recovery efficiency as plants have been 
improved. A good illustration of this is the record by 


one of the major sulphur plants in the Province, shown on 


Figure VI-4. 
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bes wDustfiall Cylinders 


The Department of the Environment has recently re- 
quested that sulphur plant operators maintain exposure 
cylinders for the measurement of sulphur dustfall. These 
consist simply of an open container, mounted 4 to 6 feet 
above the ground in the vicinity of the sulphur block. 
These are removed for analysis at the end of each calendar 
month in conjunction with the sulphation and hydrogen 
sulphide exposure cylinders. Results are reported as Tons 
Sulphur per sq. mi. per 30 days. There are approximately 
300 such stations presently around sulphur recovery plants 
in Alberta. 


Cus .Continuous Monitoring Devices 
(i) Types 


Sulphur dioxide in concentrations of physiological 
concern, may be measured in the atmosphere by one of four 
analytical techniques; conductivity, colorimetry, coulometry 


(5) 


or flame photometry. A number of commercial instruments 


embodying these principles are available. In the conductiv- 
Lty method ‘©? | the electrical conductivity of a solution 
measured between two immersed electrodes is proportional 
to the SO, 


solution. The colorimetric method uses a chemical test 


content of the air sample drawn through the 


known as the West Gaeke procedure, which is based on the 
modified Schiff reaction. Coulometric analysis of so, 
depends upon the redox potential established to titrate 
sulphur compounds as they are formed in solution. Flame 
photometry analysis of sO, utilizes the specific sulphur 
luminescence wavelength of 394 per mu provided by a hydrogen 


rich flame. 
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Much work has been done and is continuing to be done 
on the evaluation of sulphur dioxide field monitoring 
instrumentation for reliability and accuracy ee ry gs And 
ENB | Equipment designs have advanced to increase long 
term chemical and electronic stability of field instruments 
to maintain their sensitivity, and to reduce reaction 
interference problems. Solid state electronic circuitry, 
improvement in electrical switching mechanisms and greater 
pump reliability have all contributed to extending the 
unattended monitoring capabilities of some of the newer 
instruments. 


Instruments used in the detection of hydrogen sulphide 
employ a colorimetric technique based on the reaction of 
lead acetate with ambient hydrogen sulphide. The instru- 
ments, generally referred to as "Spot tape samplers", 
Operate on a one-hour exposure of a section of lead acetate 
impregnated paper tape. Reaction with hydrogen sulphide 
to form lead sulphide causes a discoloration on the tape. 


Due to the instability of the lead sulphide stain 
when exposed to air and sunlight, the tapes are interpreted, 
either manually within 24 hours after exposure, or automati- 
cally. Many of the instruments are now equipped with a 
built-in spot evaluator which measures the optical density 
of the discolouration at the end of each hour and transmits 


the value to be recorded on permanent charts. 


In practice, these instruments are housed in a 
trailer and referred to as an Air Monitoring Station. In 
Alberta, the stations usually consist of an air conditioned 
trailer equipped with continuous monitors and recorders for 
sulphur dioxide, hydrogen sulphide, wind direction and 
velocity. Power to the trailer is supplied from standard 
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networks or is generated on site. 
(ii) Calibration 


To ensure the highest degree of reliability and 
accuracy, a detailed calibration routine is followed for 
continuous monitors, employing the most accurate and 
technically advanced procedures available. 


For some years, the established reference method 
for determining low level concentrations of sulphur dioxide 
has been the West Gaeke procedure. Recent developments in 
the permeation of gases such as SO>, through a porous 
structure, has led to this method becoming a secondary 
standard to the West Gaeke method. 


In the permeation system, the sulphur dioxide exuding 
from the tubes is mixed with a diluent gas stream, and the 
resulting mixture supplied to the instrument. The permea- 
tion rate of the sulphur dioxide is determined gravimetrical- 
ly and the total gas stream flow rate is metered by a cali- 
brated flow control device. During each calibration 
generally four concentrations within the range of the 


instrument are supplied to the instrument. 


In order to assure that the permeation system is 
operating correctly, the sulphur dioxide concentrations 
delivered by the permeation tube systems are checked by 
the modified West Gaeke method. The procedure is carried 
out a minimum of once each month on all operating instruments 


in accordance with Department of the Environment Air Monit- 


oring Directives. 


Some instruments now in use contain an internal 


calibration mode, which is checked periodically, while the 
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instrument is in operation. In the event of a deviation 
in the internal calibration, the instrument is immediately 


recalibrated by the permeation tube and West Gaeke procedures. 
(iii) Site Selection 


Since the purpose of the continuous monitor is to 
detect the maximum sulphur dioxide and hydrogen sulphide 
concentrations existing in the vicinity of a plant, care 
must be taken in positioning the instruments. Generally, 
a number of factors are involved in the selection of the 


optimum location for a trailer: 


- Average wind direction: The instruments are 
generally located downwind of the plant in 


the direction of the most frequent wind. 


- Topography: Where possible, the trailer is 
located on nearby hills or ridges where 
topographically induced turbulence effects 


should be noticeable. 


- Pollutant Distribution: Accumulated data 
from the exposure cylinder networks are 
utilized to determine the location of the 


maximum sulphation level. 


- Receptors: When two or more stations are 
being located, at least one is located in 
the general area of built up or cultivated 
areas, where potential pollutant effects may 


be most damaging. 


Once the general location has been chosen, the specific 
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Site is determined on the basis of accessibility, absence 

of structures which may interfere with the micrometeorology 
of the site, and absence of any obvious sources of contamina- 
tion. 


The number of trailers and length of monitoring time 
depends on the size and location of the plant. The Depart- 
ment of the Environment requires that monitoring be conducted 
for at least two months of the year at thirty-five sulphur 
extraction plants in Alberta. Of these, fourteen plants 
Maintain between one and seven stations continuously. In 
1971, continuous air quality monitoring at sulphur plants in 
the Province amounted to approximately 377 trailer-months, 
representing a cost to industry of about half a million 
dollars. 


(iv) Data Transmission 


The current trend in Alberta is to transmit or 
telemeter air quality data from several remote locations 
to one central control room or operation centre. This 
procedure permits the continuous image of the air quality 
to be monitored as indicated by the isolated instruments. 


Analog telemetry is accomplished by using one of 
several techniques: A DC voltage, frequency shift variable 
keying, frequency pulse with keying, or by digital or 
binary pulse techniques. Short-haul radio links, rather 
than telephone lines or dedicated cable, permit easy lo- 
cation changing of monitoring trailers. Line-of~sight 
between relevant antenae is not necessarily a requirement, 


but low power and high-gain antenae are mandatory. 


4. Plume Monitorin 


Because areas of SO, stressing may occur at locations 
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well removed from the point of emission as well as near a 
plant site the airborne measurement of plume structure 

and position may be important considerations in any 
emission analysis. In order to complete the picture of 
atmospheric transport, a method of measurement is required 
that will allow the plume concentration profiles to be 


mapped under various synoptic conditions. 


During the last decade a method for remote measure- 
ment of some atmospheric gas burdens (called correlation 


spectroscopy) ‘11) 


has been pioneered and developed. This 
technique compares a replica of an adsorption spectra to 

a dispersed light beam which has passed through the target 
gas. The quantity of the gas in the light beam is deter- 
mined by measuring the intensity of the energy in selected 
wavelengths. The light source for field measurements can 
be either natural sunlight or an artificial lamp located 
at a distance from the instrument. Presently available 

is a portable system that can be mounted in a vehicle for 
rapid traverses of the plume in any desired location. 

Such versatility makes it possible to measure total gas 


burdens or gas concentrations at specific locations. 


In order to measure total gas burden the instrument 
is tuned to respond to the ultra violet component of 
natural sunlight. The viewing field of the sensor is 
directed vertically upward through the plume as illustrated 
in Figure VI-5. In this configuration, the total amount 
of so. gas in the plume above any particular point is 
measured. The amount of so. burden above the point can 
be expressed as a weight per unit area (milligrams per 
square meter) or as parts per million times the optical 
path length through the plume (ppm meters). 


In order to measure concentration profiles in the 
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plume, the light path over which the instrument senses the 
gas burden must be reduced and contained. This is ac- 
complished by using an artificial light source (quartz-iodine) 
and reflecting the light beam around the perimeter of an 
aircraft with special mirrors attached to the aircraft wing 
tips and tail cone. The ultraviolet beam then enters the 
aircraft cabin and the spectrometer from the opposite side 

of the aircraft to the light source. Since the light beam 

is restricted to a closed path around the aircraft, the 


instrument senses the concentration at the aircraft location. 


By selecting flight lines of appropriate horizontal 
and vertical spacing, horizontal and vertical profile 
sections of the plume can be plotted. The technique is 
depicted in Figure VI-6 while results of such a survey are 
depicted in Figure VI-7. 


5. Data Interpretation and Reporting 


Over the past several years, procedures have been 
developed for data interpretation and presentation which 
assure the optimum utilization of collected air monitoring 


data from surface stations. 


The Department of the Environment has recently stand- 
ardized reporting practices through the issuance of a series 
of Air Monitoring Directives. In compliance with these, 
the plant operator each month submits a comprehensive report 
to both the Department of the Environment and the the Energy 
Resources Conservation Board. This report includes details 
of the monitoring network, results from all monitoring 
instruments, exposure cylinders, and sulphur dustfall 
stations, and plant operating data for the month. Reference 
is also made to any report of SO. or HS concentrations 
exceeding the Ambient Air Quality Standard, and a description 


of remedial action taken. 
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_B. INDIRECT MONITORING 


de Atmospheric Corrosion 


During the last 25 years, some interest has been 
shown concerning mechanisms of atmospheric corrosion. 
A number of survey on the corrosion rates of metals have 
been conducted in the last few years in Europe, the United 
States and Canada. These have been principally in industrial 
urban environments where several atmospheric pollutants may 
interact with possible synergistic effects. A program was 
instituted in 1957 to monitor atmospheric corrosion rates 
throughout Alberta. 


The corrosion coupons and samples utilized in Alberta 
were chosen to represent materials that may be subject to 
corrosive damage in the vicinity of sulphur recovery plants. 
Such materials as used galvanized telephone wire, two types 
of common barbed wire, and two mild steel coupons, one of 
which is zinc coated, are used. In addition, the stations 
used in Alberta include four samples of common house, barn 


and implement paints. 


The corrosion station is analagous to the exposure 
cylinder in that it gives cumulative, rather than instantan- 
eous indicatMons of pollution effects. Moisture effects, 
temperature variations, and climatic conditions can have 
a marked effect on corrosion rate. For this reason, 
stations are exposed for at least one year and great care 


must be taken in interpretation of the results. 


In 1971, reference stations were established at eight 
different locations throughout the province. These were 
chosen to establish background levels of atmospheric corro- 


sion that may be associated with such factors as urban 
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pollution, meteorological conditions and agricultural 
operations. Stations were also established in remote 
plains areas, where corrosive action is expected to be 
minimal. As a check on repeatability of the measurements, 
two stations are maintained at each location. The refer- 


ence stations are changed and analyzed once a year. 


A number of Alberta sulphur plants have now adopted 
the corrosion station as a monitoring tool exclusive of 
regulatory requirements. At the present time, at least 
nine sulphur plants in Alberta maintain sets of Corrosion 
Stations in their surrounding areas. In 1971, this private 


network totalled almost 100 individual stations. 


The location of the corrosion stations in the field 
is chosen with the same care and in the same manner as 
for any monitoring device to provide information that is 
most meaningful and most easily interpreted. They are 
set out generally on a pre-determined grid system with 
locations selected on hilltops, in open areas, near farm 
houses and in recreational areas. Where an exposure cylinder 
network is also maintained, the corrosion stations are 
usually placed in conjunction with the exposure cylinders. 
This allows correlation of observed atmospheric corrosion 


with total sulphation. 


Based on the reference results to date, the most 
corrosive atmosphere appears to be associated with agricul- 
tural activities. Urban centres indicate slightly lower 
corrosion rates, similar to remote humid regions. Plains 
and low brush regions as expected, indicate low corrosion 
effects. Corrosion rates around isolated sulphur plants 
were found lower than those in urban situations or in 
rural areas where air-borne fertilizor dust or acid vapours 


may occur from agricultural operations. 
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The use of corrosion stations in Alberta represents 
a unique development in monitoring of pollution effects 
in that it is only in Alberta that stations are maintained 
to monitor the atmospheric corrosive effects resulting from 
a single isolated industry. 


2. Remote Sensing 


a. General 


Remote sensing is the technology of obtaining informa- 
tion about a target without having the sensor come in contact 
with it. The human eye is the oldest and one of the most 
sophisticated remote sensors. A camera similarly obtains 
data and records it on film; other sensors and sensor systems 
"look at" targets for study and obtain particular data about 
them. 


All remote sensing instruments accomplish their func- 
tion by virtue of their being sensitive to electromagnetic 
energy that is reflected or emitted from the target. The 
process of reflection is "active" and is the result of the 
target being illuminated. Part of the illumination energy 
is directly reflected at or near the target surface. The 
quantity and quality of the refelction gives target shape, 
colour, and tone information to the remote sensor. The 
eye and the camera permit the distinguishing of objects 
based entirely on the reflections which produce impressions 
and images of target characteristics. The process of 
emission from a target occurs whether it is illuminated or 
not. Emission is a "passive" process and is an inate 
property of all matter in some frequencies. Fore example, 
radio activity is a passive property of some objects and 
occurs regardless of the illumination present. All objects 
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that have a temperature above absolute zero emit IR energy 
randomly into space. The intensity of the emission is 
proportional to a power of the absolute temperature. To 
take advantage of this relationship, instruments have been 
developed that are sensitive to emitted energy which permits 
the identification and characterization of targets. 


It is important to recognize that the sole purpose 
of remote sensing (a technology involving many techniques) 
is to make it possible to identify and characterize targets 
in the environment based on their spectral properties. 
Since all objects have characteristic spectral signatures, it 
follows that many targets that are "invisible" or have obscure 
signatures in one part of the spectrum, may produce pronounced 
spectral effects in other parts. Hence the need in general 
environmental research, to employ many remote sensing 
technigues. For example, if SO. stress in coniferous trees 
is not identifiable in the visible using colour films, it 
may be identified according to its thermal signature in 


another spectrum range. 


Dy. Photographic Techniques 


Wave lengths in the visible spectrum may be registered 
with black and white, and colour film. More recently, 
rather exotic film formulations with unusual colour registra- 
tions have become available. One useful film is called 
"false colour" IR, which has pronounced sensitivity in the 
yellow, orange, red, and very short images on this film 
are very unlike true colours, hence the term "DPaLsewcoLlour. 


FCIR film has a strong response to vegetation. Plant 
cells containing chlorophyl reflect in the red but this 


colour is normally masked by the presence of an abundance 


of green energy. The red is therefore seen only if blue-green 
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filters are employed or if the film formulations are in- 
sensitive to blue and green. 


The reflectance of red energy by vegetation is a 
tool that can be employed in the diagnosis of certain 
vegetal stresses at some plant growth stages. In general, 
the quality and quantity of red reflected from vegetation 
is governed by leaf morphology, and physiological condition. 
Healthy, green, turgid vegetation reflects strongly in the 
red and photographic IR regions. 


The useful interpretation of FCIR photos to obtain 
vegetation stress is very much a "black-art" and the talent 
is acquired mainly by long experience. Films and formula- 
tions change annually, and exposures and developing chemistry 
are sensitive and difficult to control. Nevertheless, it 


is a useful technique in environmentology. 


oe Vegetation Stress 


During many days of the vegetative season, there are 
periods when vegetation is likely to be under normal 
environmental stress. Such stresses are caused by the 
surplus or shortage of soil water, surplus or shortage of 
heat, surplus or shortage of nutrients, etc. In natural 
stands, the variation is enormous, particularly in more 
severe terrain. In such cases, earth-sun geometry causes 
some hill sides and slopes to become over heated and to have 
thin or gravelly top soil supporting a limited plant popu- 
lation. Moreover, these natural stresses vary through the 
day and season. It is therefore very important that aerial 


photography and FCIR film be used with these considerations 


in view. 
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4. Soil Sampling 


All effluents discharged into the atmospheric environ- 
ment are eventually absorbed by various life cycles in 
nature which soon become involved at the surface of the 
earth. Indications of the deposition of such materials 
on the surface may be found in the vegetation and soil. 

This is particularly true of elemental sulphur dust which, 
though capable of becoming airborne, settles to the soil 
surface very near the gas plant. Nyborg and Schurer ‘12) 
show that "When elemental sulphur is added to soil, certain 
soil bacteria (of the genus Thiobacillus) oxidize the 
sulphur to sulphuric acid as follows: 


2S + 30, + 2H,0 ———— _.2H.,S0 


2 2 2 4 


The rate at which sulphur is oxidized varies greatly 
from soil to soil and depends on such conditions as 
temperatures, moisture, aeration, fineness of the sulphur 
deposited, and number of Thiobacillus bacteria present in 
the soil. The acidification reaction proceeds most rapidly 
when soils are warm, moist, and well-aerated. Rate of 
oxidation may be initially limited by number of bacteria, 
but after sulphur is deposited the bacteria soon build up 
to their maximum number. Finely-powdered sulphur is 
oxidized much more rapidly than course sulphur. Sulphur 
finer than 100 mesh may be oxidized about 50 times more 
quickly than sulphur 5 to 10 mesh in size. Lumps of sulphur 
(say greater than 1 inch in diameter) are oxidized very 


slowly until broken down in size. 


Most natural soils have pH values in the range of 
6.0 to 8.0 which is suitable for good growth of the majority 
of plant species. Some very sensitive plants, such as 


alfalfa, do not grow well when pH is below 6.0, but most 
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species grow fairly well at pH values down to 5.0 to 5.5. 

In the pH range of 5.0 to 5.5, the aluminum in soils, 

which is toxic to plants, starts to become soluble. Some 
plant species are much more tolerant than others to aluminum 
toxicity (and to other toxicities found in acid soils) and 
will grow after a fashion in soil as acid as pH4. However, 


soils of less than pH4 are essentially barren. 


Oxidation of 1 or 2 tons of sulphur dust per acre 
will lower soil pH by about 2 pH units, and oxidation of 
more than 3 or 4 tons* will acidify most soils to less 
than pH4 and will retard or prevent plant growth. The 
first effect of acidification is a change of species of 
plants growing on a soil to those most tolerant to acidity. 
If acidification continues, plant growth will gradually 
disappear altogether. 


Soils are sampled generally from surface to 6" of 
depth and sometimes in addition, below this depth to qualify 
the extent of sulphur acidification of the soil. The 
samples are prepared for testing by drying, grinding and 
screening. pH and conductivity measurements are made on 
the water phase resulting from a soil-water mixture shaken 


for 30 minutes followed by a settling period. 


Western soils are usually high in free lime and this 
reflects the geological origin of the soil and has little 
effect on crop growth. Normal sulphur or sulphur dioxide 
conversion to sulphuric acid in the soil or in the atmos- 
phere results in conversion of this lime to CaSO,, an 
insoluble salt with little adverse effect on crop growth. 
Chemical reactions with sodium salts in the soil result in 
a soluble sulphate being available to plants as a fertilizer. 


* It is assumed the author means 3 or 4 tons "per acre". 
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In nature the soil system has a great capacity to 
absorb and decompose waste materials. Soil is enormously 
complex and if its various processes are not overtaxed, it 


can accomodate many minor "foreign" intrusions. 
C. SUMMARY 


The Canadian Petroleum Association believes that the 
application of emission standards is an inappropriate 
approach to environmental management, and further submits 
that "emissions" as such, are not intrinsically related 
to anything except gas-plant processes. The engineering 
approach of the last 15 years has lead pollution management 
and abatement into a situation that satisfies design 
criteria, but almost totally neglects the most important 
consideration, vis: it is the receiving environment that 
is paramount; the environment will determine where the 
gas-plant and stack should be; the environment will deter- 
mine what the acceptable emissions level should be, and 
therefore, what process modifications should be made. 


The environment is very resilient, it has the capac- 
ity to absorb, even suffer, and then recover if it has not 
been too seriously imposed on. This natural built-in 
capability of nature to absorb, makes it necessary to watch 
natural processes carefully, in order to differentiate be- 
tween natural and induced environmental changes. This 
alludes to the pointless program of purely emissions control, 
to the exclusion of environmental monitoring. Some facets 
of nature are able to absorb more effluent than others. 
Regional considerations suggest that gas-plant emission be 
governed by meteorological and environmental conditions. 


It seems to us then, that before increased gas-plant 
efficiencies are legislated, consideration must be given 


to the receiving environment. If it can be established 
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that gas plants, on an individual basis, have caused no 
environmental degradation, there is no logic to requiring 


increased sulphur recovery efficiencies. 
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VII SULPHUR RECOVERY, RESEARCH AND DEVELOPMENT 


A. THE SULPHUR PLANT 
1. General 


While it is commonplace to refer to the overall 
efficiency of sulphur recovery in a sour gas processing plant 
it is important to recognize that this overall figure is 
the combination of the efficiencies of a number of com- 
ponent parts in the total hydrogen sulphide to sulphur 
conversion system. Within the sulphur plant itself 
there are three clearly differentiated sections - the 
front-end reaction furnace, the Claus catalytic converter 
and the tail gas treating section. Each of these sections 
will be considered separately and the industry's efforts 
to improve the performance of each one will form the basis 
for subsequent paragraphs. Figure 1, however, is of im- 
portance at this stage as it illustrates the interdepen- 
dence of these various stages and the manner in which the 
efficiency of operation of an upstream unit determines the 
load on a downstream component. This is of particular 
importance when considering tail gas desulphurization 


methods and costs. 


Figure VII-1 also illustrates one of the biggest 
problems in achieving high conversion efficiencies - the 
concentration problem. As we progress through the system 
the residual unrecovered sulphur values become progressively 
diluted by other reaction products and added inerts, and are 
thus harder to remove. By far the largest proportion of the 


hydrogen sulphide removed from the sour gas is converted to 
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sulphur in the front-end reaction furnace. Figure VII-1l 
indicates an average 60% conversion although this depends 
on many factors to be discussed later. Here, in the reaction 
furnace, air is added to sustain combustion and the first 
major dilution of the sulphur content occurs; the nitrogen 
of the air is inert and is simply "a passenger" from this 
point on. Enriched oxygen feeds have been investigated 
and the TRW S-100 process, using liquid oxygen with no 
nitrogen diluent, is presently being developed. It is, 
however, not adaptable to current sulphur plant operations 
and is sensative to liquid oxygen pricing in such a manner 
as to make it impractical for large scale Alberta sulphur 
plant operations at this time. Such very high temperature 
processes uSing what in essence is "Space age" technology 
may, however, represent a next generation replacement for 


the front-end reaction furnace. 


The conversion load placed on the Claus catalytic 
stages clearly depends on the efficiency of the front-end 
reaction furnace. Since each of these catalytic stages 
converts the feed received from the previous stage to an 
equilibrium point the sulphur yield at each stage is deter- 
mined in part by the efficiency of the previous stage. 
Industry has done much to improve the overall efficiency 
of the Claus converter section of the system, both by in- 
creasing the efficiency of operation of the individual stages 
and by increasing the number of stages. Single stage Claus 
trains are virtually unknown in larger Alberta plants, while 
three stage converters are now common and even four units 


in series are available. 


The sulphur content of the tail gas stream is obviously 
determined by the efficiency of operation of the upstream 
units. The figures of sulphur yield used for purposes of 


iliustration in Figure VII-1 indicate a 3% sulphur content 
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in the tail gas. Under the new ERCB guidelines incinera- 
tion of this level of sulphur containing tail gas and 
venting to the atmosphere would not be acceptable for 
plants with over 1000 tons per day sulphur throughput. 
Since 97% overall conversion in a three stage Claus 

plant is a high conversion efficiency and close to opti- 
mum with present plant design, the possibility of tail 
gas desulphurization before incineration and atmospheric 
venting has now become an important consideration. This 
third phase of sulphur plant operation will receive de- 


tailed attention in a subsequent paragraph. 


Stack gas dispersal, meteorological and topographic 
factors that influence the ability of the environment air 
volume to accept and dilute effluent, natural conversion 
of gaseous pollutants to non-toxic end products and many 
other factors external to the plant are all aspects of 
the problem of handling the residue from an otherwise 
highly efficient industrial chemical conversion system. 

The gas processing industry has not been satisfied with 
the"dilution solution to pollution". It has worked con- 
tinually to improve the efficiency of each component of the 
sour gas processing system thus minimizing environmental 
contamination not simply by effective dispersal techniques, 
but by reducing the total waste effluent from its plant 
operations. How these improvements in plant operating 
efficiency have been accomplished and how the industry 
continues to tackle the ever harder problem of moving 
GLoser,.to, ‘the elusive goal of 100%-perfection-is the subject 


matter of the following sections. 
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2. Front-End Reaction Furnace 


The overall efficiency of a sour gas processing 
plant is determined by the performance of its several 
component parts. Current emphasis on environmental quality 
control has focused interest on improvements in downstream 
units of the plant process stream. Particular attention 
has been paid to the Claus catalytic section and to tail 
gas clean-up processes. These downstream components, 
‘however, do no more than handle that part of the sour 
gas feed stream that is not converted to product sulphur 
in the front-end reaction furnace. What is sometimes 
forgotten is that under normal circumstances more than 50% 
of the conversion of hydrogen sulphide to elemental sulphur 
takes place in the front-end reaction furnace. What is 
being done to optimize the conversion efficiency in this 


first section of the typical sulphur plant? 


Over the past several years, attention has been 
directed to achieving better percentage conversions in the 
front-end reaction furnace. This has led to a wider recog- 
nition of the complexity of the chemical processes occuring 
in the reaction furnace and, in turn, to a re-examination of 
some design factors not previously considered to be of cru- 
cial importance. By and large, design criteria have been 
based on the assumption that the overall stoichiometry 
shown in equation (1) serves to describe the process 
adequately, and refinement, where necessary, need not go 
further than dividing this process into two steps shown in 
equations (2) and (3) with additional consideration being 
given to the equilibria between various forms of the product 


sulphur indicated in equation (4). 


roa elton 2069 e 8 = 


: igo Venue le Ga 


cdtveanoty Gap ‘use 6 26 yee todthe Cieseed ere wh seam 
lerevet 231 Yo sonadtolveq eft ya Bealmreteb ek sasiq 


vitiaup (edaamrotivas no stesdens suet Jehiag Jasaoqmoo | 


nastdsawoh ak atneusvexqm: no teetednt ‘beavo02 asd Lotsnos — 


nolsnstis wlusitiet .meenge eeooorq Inelq eiy to estas | 


fis of Bas nolizee vidyiedss aus eft oF Bisq seed esi 
,etnenogaes acsitenwob sesd? .eseeso01g qu-nselo BBP 

“kuoe att to tr140 sede oibacd msdt stom on Ob ,tevewod" 
twiigive toyborq od bedrarnoo Jon et Jeds meetts beet 25p 
senigomor al tei®# .S$o0she7u2 molstoses Sbae-sa0x2 eft nt 

80? ast3 stom esonetemvotio femzon tebay tai? Bk netsop1r0? 
unigive istnsmgioe o3 sbidgive mapoibyd to natersvndo sit 30 
et SudW event? ncrdga0x bas-tnoxt sit af Sosiq ested 
aids at yoretolits nolarevnoo edd ssimisgo of anob paied 

- ¢3nslq triefve teviqys eft to sotises sexi? 


=.» iS ; 


qeod apf noitastts .2isey isevevee Jesq sid tevO = ~~ 

ait nk enotateviion spssase1sq 192ted paiveldos oF betoer lS 
-povex rabiw 6 of bei asd aidT scans? aolsusez bas-3n0712 
prtzvoxe esersndzq Isoimerid ort to yIixelqmos edt 20° aoltia 
+0 nobtenimuxe-s% & OF \ntbd Ab ,bas eosnsy? nobtéset ond AE 
-v1o to sd of bexeblenc> ylevolvexq tom s107082 apiasb smod 
aced ove siaedixm apiaebh .,spiet Bos ya -somsaxogml [sho 
yztombidoaiota Lisxeve ef9 ted? soisqmuses edd ao beasd 
seenoig sdf ediztossb oF eoviee (1) noitsups ni avods 

op Jow Bea \ieasbeoen sierw \tnementie: bas ,ylessupebs 
nt qwote aqete ows otni saecetg silt palbivib nad 19d3z02) 
pniesd nottaxebienos Isaoizihbs daiw (&) bas (8) enolisups 
souborq ods 26 sas? evolzsy neswied siudbitupe edd of sevip 
1) noksaupe Gk beteothal xudqiue 


i 


Vilas 


6 HS + 3 0, 6 HO + 6S, a) 
x 

2 HS + 3 0. 2 HO + 2 SO. (2) 

eee 
Si 

4 H, 2 SO, 4 HO + 6S. (3) 
x 

SAS ss 4 S5 2 S4 _® Sg etc. (4) 


Even a cursory examination of equations (1) to (4) makes 
it clear that they do not tell the whole story. It is 
well known, for example, that sour gas process streams 
typically contain measureable concentrations of molecular 
hydrogen downstream of the front-end reaction furnace. 
Indeed, this hydrogen can be used to advantage in some 
tail gas clean-up processes. None of the equations shown 
above give any indication where this hydrogen is produced 
in the furnace processes. Sulphation of the catalyst beds 
has long been a problem in some gas processing plants and 
is known to be due to the production of sulphur trioxide 
upstream of the catalyst section. Again equations (1) 
through (4) give no indication of where this sulphur 


trioxide might originate. 


Largely as a result of the detailed hydrogen sulphide 
(i) 


flame studies of Merryman and the extensive work on 

the combustion of gaseous sulphur compounds recently re- 
viewed in excellent detail by Cullis and Muleaky ‘7? , Hike 

is now well established that the true picture of the hydrogen 
sulphide combustion chemistry taking place within a front- 
end reaction furnace is probably more completely illustrated 
by the sequence of chemical reactions presented in Table 
VII-l. The complexity of these processes in no way invali- 
dates the general statements contained in equations (1) 
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are short lived intermediates which probably never emerge 
from the front-end reaction furnace, but are nonetheless 
essential parts of the overall front-end reaction furnace 
chemistry. The reactions in Tavle VII-1 also give a clear 
indication of where hydrogen and sulphur trioxide can be 


produced in the overall system. 


While much is known about the chemistry of the 
reactions shown in Table VII-1 the bulk of the work has 
been done under conditions that bear little relationship 
to the high temperature and high flow rates characteristic 
of a front-end reaction furnace. The kinetics of most of 
the processes depicted in Table VII-1l have been studied 
at temperatures well below the 1700-2200 degree Farenheit 
characteristic of the front-end furnace. Relatively little 
is known about the effect of such materials as CS5, COs, 
CO,, amines, ammonia and hydrocarbons on these reactions. 
All of these species are commonly found in the sour gas 
feed stream of sulphur plants. Carbon disulphide and 
carbonyl sulphide are also formed in the front-end reaction 
furnace primarily from the small hydrocarbon carry over 
from the amine stripper immediately upstream of the furnace. 
CS, 
in the sulphur plant tail gas. Many tail gas clean-up 


and COS are both important and troublesome components 


processes currently being recommended for use do not re- 
move cS. and COS and thus the lower limit of clean-up 

using these processes cannot be below the concentration 
level of CS. 
COS and CS, formation in the reaction furnace is there- 


2 
fore of very considerable importance as illustrated in 


and icCOSi in the tailigas. M@he control of 


Figure, ViI-2. 


During the past two years the industry in Alberta 


has mounted a special research effort to examine a whole 
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new range of factors considered to be of importance in 


(34 


determining front-end reaction furnace performance. 


Some of the more critical elements of this study 
are summarized graphically in Figure VII-3. Of obvious 
importance in any chemical reaction is the efficiency with 
which the components are mixed. Considering the enormous 
volumes of gas fed through the reaction furnaces and the 
velocity that must be maintained, mixing is not as simple 
a matter as it might at first appear. Injection nozzle 
design has been and is still a primary aspect of industry's 
current research effort. A number of major operators, in 
collaboration with plant engineering companies, have con- 
tinued to experiment with new techniques for achieving 
better mixing of the furnace feed streams. The traditional 
concentric axial flow nozzle design has been modified to 
include various forms of baffles, vanes and deflecting 
plugs all directed toward improved mixing efficiency 
within the combustion zone of the furnace. The effect 
of varying relative velocities of the fuel and air feeds 
to the furnace have been examined and tangential injection 
rather than axial feed of the air supply has been investi- 
gated. Vortex type burners and multiple injection ports 


of various designs are also being examined. 


All of these variations in fuel/air injection 
techniques must be such as to maintain the critical H5S/SO, 
ratio required downstream in the Claus catalytic section 
of thesplant. As a result of these preliminaryj tests the 
industry and the furnace designers and manufacturers are 
becoming increasingly aware of the importance of the in- 
jection configuration injoptimizing Front-end reaction 


furnace performance. 
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A major factor determining reaction furnace perfor- 
mance is the temperature profile within the reaction zone 
and the residence time of the reactants in that zone. 
Injection nozzle design discussed above is of considerable 
importance here, but the interior dimensions and components 
of the furnace are equally critical... In particular the 
industry has recently placed more emphasis on an examination 
of the precise role of internal baffles or so called "chequered 


(4) - 


walls" on reaction furnace efficiency It is already evi- 
dent that the location of these internal components along 

the furnace axis has a marked effect on the relative importance 
of the mixing role as opposed to the effect on temperature 
homogeneity within the furnace. A number of plants are al- 
ready making use of the results of these studies by incorp- 
Orating suggested modifications in their furnace design on 

an experimental basis in new installations or in older units 


dUbingeDLantveurh. around. 


Variations and improvements in nozzle design or in- 
terior dimensions and components are primarily of value if 
they result in improved conversion efficiencies. This in 
turn is the result of closer approach to equilibrium con- 
ditions within the reaction zone. In view of the flow 
reactor nature of the furnace the speed at which these 
chemical reactions take place relative to the flow velocity 
of the reactants (i.e. residence time) is also crucial. 
The speed of these chemical reactions can be influenced 
by catalysts and an examination of the possible catalytic 
role of furnace.lining materials represents a further area 


(5) (6) | 


of current enquiry by the industry Work with so- 
called "wall-less" reactors has clearly shown that the 
catalytic role of the wall material may be a significant 


factor in determining furnace efficiency. While such 
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catalytic effects on the type of reaction shown in Table 
VII-1 will clearly be of importance in determining sulphur 
conversion efficiency similar catalytic effects may also 
be operative in the side reactions of the type shown in 


Figure VII-2. “Minimization of COS and CS. formation or, 


conversely, maximization of their Bet aes by cata- 
lytic enhancement of the appropriate reaction speeds in 

the flowing system would be of very considerable benefit 

in reducing this form of sulphur content in tail gas. 

Also of importance is the catalytic effect on the rates 

of reactions producing such other "side products" as hydrogen 
and sulphur trioxide. The former, as will be seen later, is 
a valuable component of tail gas streams in some processes 
that require hydrogen to remove COS and CS.. The latter is 
the principal source of sulphation of the Claus converter 
bed catalyst, a phenomena which results in reduced effi- 
ciency of this down stream section of the sulphur plant 


SYsctem. 


Perhaps one of the great challenges facing science 
in the 70's is the problem of putting the results of a 
quarter century of elegant and sophisticated fundamental 
research to work for the benefit of thosewho have, in many 
instances, paid a sizeable part of the cost. This comment 
is Particularly appropriate in relation to the gas process- 
ing industry's present efforts to apply the wealth of 
available fundamental combustion research knowledge to 
the improvement of front-end reaction furnace performance. 
Yet bridging the gap between the availibility of fundamental 
information and the translation into a practical manifesta- 
tion in the form of improved industrial unit performance is 
no less difficult a task than that of acquiring the basic 
knowledge in the first place. The industry's responsible 


attitude to the need for continued improvement in its 
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Operation is well illustrated by its ongoing research 


and testing of front-end reaction furnace phenomena. 


See Laus Catalytic Converters 


a. General 


In recent years improvements in this section of the 
overall sulphur plant system are generally regarded as 
having been the most significant. Modifications have 
been introduced in both the design of the catalyst beds 
and in the nature of the catalyst itself. Both have led 
to higher conversion efficiencies and longer catalyst 
life. The problem of catalyst sulphation and consequent 
loss of activity remains a major unresolved difficulty 
although the current twofold attack through minimizing 
sulphur trioxide formation in the front-end reaction 
funace and change in catalyst manufacturing techniques 


may provice a solution. 


Research investigation of the precise role of 
alumina based catalysts in the reaction of hydrogen sulphide 
with sulphur dioxide (the Claus reaction) has been active 
in both Alberta and elsewhere in Canada CXS These in- 
vestigations and companion studies of the fundamental 
aspects of gas phase heterogenous catalysis in related 
systems are essential to the further improvement of cata- 
lysts now in plant use and the design of new catalysts with 
even. higher activities.,, Until. the precise mature of the 
H5S/SO, reaction at the catalyst surface is clearly under- 
stood optimization. of the catalyst role,will not, be possible. 
New techniques such as total reflectance infrared spectro- 


scopy and scanning electron microscopy have provided the 
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researcher with valuable new tools for the examination 
of surface phenomena. It is this continuing research 
endeavour conducted both by industry and academia that has 
made possible the improvements of the past decade and that 


will lay the foundation for further improvements in the 


fucnre. 
b. New Catalysts 
Alumina, Al.O in various forms remains the basis 


es 
of virtually all Claus catalysts. Cobalt-molybdenum based 


material have recently received increased attention, but 
usually in specialty roles within the overall Claus system. 
Major catalyst producers are presently in the process of 
introducing new generations of catalysts which, it is 
claimed, will provide plant operators with improved catalyst 
performance. One such catalyst is claimed to have markedly 
improved porosity with better pore homogeneity providing 
higher space velocity characteristics in the catalyst bed. 
Absorption capability for sO. is considered to be the 
highest of any alumina and COS and cs, levels in the tail 
gas from such beds remains low for up to six months after 


Initval, claLging. 


Another "new generation" alumina based catalyst is 
claimed to have markedly improved resistance to sulphation 
deactivation and does not catalyze hydrocarbon polmerisation- 
a major cause of catalyst carbonation deactivation. Even 
after full sulphation this catalyst is claimed to retain 
good catalytic properties for carbon disulphide and carbonyl 
sulphide hydrolysis - an important method of reducing the 


concentration of these components in the tail gas. 


These developments in catalyst manufacture have not 
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yet had an adequate opportunity to make themselves felt in 
the gas processing industry. If the claims are substantiated 
under practical operating conditions they will represent an 
important and welcome contribution to the continuing effort 
to improve plant conversion efficiency. Such improvements, 
taken alone, would not be sufficient to meet the new emission 
level requirements. Combined with better front-end reaction 
furnace performance, however, they may well enable smaller 
plants to meet present regulations without extensive and 


expensive add-on tail gas clean-up units. 
Cee So LOL Oni. 


The conversion of hydrogen sulphide to sulphur 
proceeds not to 100% completion, but rather to an equi- 
librium condition where both reactants and products are 
present. The dependence of this overall conversion 
equilibrium on temperature is. summarized in Figure VII-4. 

In the particular case of the Claus catalytic conversion 
equilibrium 

2 H5S + SO, : Z H,0 siti = Shah 
the position attained depends on a number of factors most 
important of which are temperature and relative concentra- 
tion of the components (Figure VII-5). The equilibrium 
indicated above is a very simplified version, but serves 
to illustrate the point to be discussed here. The problem 
of maintaining the optimum HS/SO, ratio required for the 
Claus reaction has been one of the industry's principle 
concerns in recent years. Important though the ratio control 
is in the main Claus catalytic converters it becomes a crucial 
factor for tail gas clean-up processes that are themselves 
based on the Claus type reaction. Much effort has gone into 
the development of on-line analytical devices which contin- 


uously or intermitently determine the H,S/SO, ratio downstream 
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and feed back detected "off-balance" information to the 
front-end reaction furnace feed control where the ratio of 


HS to air can be adjusted to bring the downstream H,S/SO. 


ratio back to optimum. The gas processing industry has 
greatly increased its in-line analytical monitoring over 

the past few years and specially designed spectroscopic 

and chromatographic analytical systems have been developed. 
In-line analysis feeding to front-end ratio controllers 

has done much to improve sulphur plant operating efficiency 
and further sophistication of this type of feed-back optimi- 
zation will undoubtedly occur in the attempt to reach higher 


and higher conversion efficiencies. 


a es The temperature Factor 


As indicated in Figure VII-4, lower temperatures : 
favour the products in the Claus reaction equilibrium. 
Reaction rates are slower at lower temperatures, however, 
requiring longer residence times or lower reactant flow 
rates to achieve equilibrium conditions. At lower temp- 
eratures below the sulphur dew point sulphur deposition 
on the catalyst becomes a serious problem and although 
this can be overcome by "regenerating" the catalyst bed 
with hot gases as is done in one currently available tail 
gas clean-up process, it requires multiple reactors al- 
ternately operating in service and regeneration modes. 

While this type of operation may be feasible for handling 
thes low sulphur contentsor tall edes) alloca mph @tice dL 

for the main upstream Claus reactors which can handle up 

to 50% of the total sulphur load on the plant. Apart from 
the need to operate at temperatures above the sulphur dew 
point and with reaction rates sufficiently high to permit 
reasonable space velocities higher temperatures in the Claus 


catalytic converters also favour the hydrolysis of carbonyl 
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sulphide and carbon disulphide as shown in Figure VII-6/ 
Reduction of COS and CS. levels in the tail gas minimizes 
the difficult task of their removal in any tail gas clean-up 
process. Ironically, therefore, the plant operator faces 
che dilemma of “running hot" to minimize COS “and CS, but 
thereby losing Claus conversion efficiency and increasing 
H,S/SO, content in the tail gas. The operating temperature 
problem is obviously a complex one and the final decision 
depends on a variety of factors many of which will be 
specifically characteristic of a particular plant. The 
knowledge and experience gained through operation of the 
largest concentration of Claus reactor capacity in the 
world has given Alberta gas processors an ovportunity to 
lead the field in this area. Through its Associations 

and the trade literature the members of the industry have 
actively participated in exchange and coordination of this 
"know -now" to ensure that the best methods of environmental 
protection are available to all those participating in the 
most important task of bringing Alberta's energy resources 


to the consumer. 
ie TAIL GAS INCINERATION 


The various factors which control the sulphur con- 
version efficiency in the upstream units of a typical 
Alberta sulphur plant have been identified. The extent 
to which these factors are interdependent and oft-times 
antagonistic to each other places ajvery definite upper 
limit on the economically practical conversion efficiency 
that can be achieved within the plant itself. Indeed, 
there are remarkably few large scale industrial process 
operations that consistently function at 95% efficiency 
or better. Yet the Alberta sour gas processor has already 


been required to attain and now exceed this figure. While 
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there will undoubtedly be further improvement of the in- 

plant efficiency it seems highly unlikely that the larger 
sulphur plants can reach the required 98-99% level without 
further treatment of plant tail gas to desulphurize before 


ancimeration. 


The capacity of the environment to receive and 
disperse gaseous effluents and the effects of various 
concentrations of these emissions on plant and animal 
life will be the subject of other sections of this brief. 
Our concern here is to examine the problem of reducing 
the sulphur content of Claus plant tail gas to a level 
which, after incineration, will yield an effluent which 


conforms with regulatory body restrictions on such emissions. 


As indicated in Figure VII-1 the principal components 
in a typical tail gas are nitrogen, water vapour, carbon 
dioxide, hydrogen sulphide and sulphur dioxide. Minor but 
frequently troublesome components are carbon disulphide and 
carbonyl sulphide with small quantities of entrained elemental 
sulphur usually in the form of a fine mist. Upon incineration 
all sulphur containing components are converted to sulphur 
dioxide and it is in this form that the unrecovered sulphur 
in the plant system is vented to atmosphere. This is also 
the form in which the bulk of the sulphur Gmitted in coal 
and oil cimbustion occurs. Much attention has been given to 
the development of methods of desulphurization stack gas 
containing sulphur dioxide and many of these are identified 
in the list of patented processes included in this section. 
Because of the much wider market for sO. removal processes 
many of these techniques have enjoyed wide publicity and 
extensive development and testing. Re-examination of Figure 


VII-1, however, will reveal that the process of incineration 
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of a Claus vlant tail gas merely compounds the important 
concentration problem by adding further diluents in the form 
of nitrogen, water vapour and carbon dioxide resulting from 
the combustion of the incinerator fuel. The 3% sulphur con- 
tent now in the form of SO, is more highly diluted than was 


2 
the original 3% in the tail gas in the form of H.,S, SO COs, 


ae 


CS. and sulphur mist. 


In short the tendency has been to approach the problem 
of reducing sour gas processing plant sulphur emissions by 
developing methods of desulphurization the tail gas rather 
than the stack gas. Nonetheless, the enormous research and 
development effort being expended on stack gas desulphuri- 
zation technique that will offer more attractive economics 


than current tail gas clean-up methods. 
Ce TAIL GAS SULPHUR RECOVERY 

1. Methods 

What are these methods for removing the last few 
percent sulphur from the hot, dilute effluent gas streams? 


As the following list of process names indicates, they are, 


at the very least, numerous: 


Aquaclaus Chiyoda 
Beavon-Parsons IFP 

Bu Mines Citrate Sulfreen 
Calsox Sulphoxide 
Cataban Stretford 
Clean Air Vetrocoke 


Wellman-Lord 


The details of all of these processes have been extensively 


reviewed and no attempt is made here to examine them in 


detail (9) (10) (12), It is, however, pertinent to look at 
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those tail gas clean-up processes which have reached a stage 
of development that permits reasonably accurate evaluation 


of their applicability in the Alberta scene. 


The Sulfreen and IFP methods are currently in 
Operation at Alberta plants. The former is essentially 
a low temperature Claus reaction utilizing the enhanced 
conversion equilibrium characteristic of lower temperature 
(see Figure VII-4) and operating on an alternating in service/ 
in regeneration cycle discussed earlier. Overall conversion 
efficiencies in excess of 98% are claimed for a combined 
Claus train and Sulfreen unit. Ultimate limit of clean-up 
is indicated to be 2000 ppm at the stack mouth. The IFP 
process, unlike the Sulfreen is a solution process, but again 
depends on the Claus reaction between HS and SO, form .conver- 
Sion of these gaseous components to elemental sulphur and 
water. Overall recoveries in excess of 99% are claimed with 
a combined 2-stage Claus plant and IFP solution process. 
Ultimate clean-up limit of the basic IFP process is Comparable 
with Sulfreen. Neither process, however, has any inherant 
capability to handle COS and CS. 
limit of clean-up cannot be less than the CS, + COS sulphur 


in tail gas, thus the lower 


values. 


The U.S. Bureau of Mines Citrate process and the 
Molten Carbonate process were primarily developed to handle 
sulphur dioxide removal from smelter effluents or fossil 
fuel combustion stack gas. The Bumines process has many 
chemical similarities with the IFP, but is an aqueous 
solution process operating at considerably lower tempera- 
tures. The Molten Carbonate system is of interest because 
it gives a good indication of the kind of techniques that 
may be characteristic of the next generation of clean-up 


processes - the whole technology of molten salts as solvents 
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for industrial chemical reactions is in its infancy. 


The Vetrocoke clean-up process is one that has been 
in use in Europe for some time and at least one plant in the 
U.S. has utilized the desulphurization technique. The process 
utilizes arsenic compounds and for that reason has been app- 
roached cautiously by operators concerned about the intro- 
duction of a secondary environmental contaminant in efforts 
to remove the primary one. More will be said later on this 


subject of replacing one pollutant by another! 


The four remaining processes noted are all capable 
of reaching very low sulphur effluent levels. Two, the 
Beavon-Parsons and the Pritchard Cleanair, utilize the 
Stretford process in a common solution finishing step. 
Both have upstream stages where CS. and COS are catalyti- 


cally reduced to HS since the Stretford process - like 


almost all other Sidhe finishing processes - does not 
convert CS. or COS. Finally, the Wellman-Lord is not a 
conversion process at all, but rather a technique for 
weconcentracings the dilute SO. in incinerated tail gas 
for refeed into the front-end of the sulphur plant. In 
this respect it is a process which has wide applicability 
beyond sulphur plant effluent treatment and indeed, many 
of its current applications are as a clean-up system on 


systems other than Claus plants. 
2. Economic Considerations 


How do these various processes compare as far as 
efficiency and economy are concerned? That story is 
summarized in graphical form in Figure VII-7. As the 
sulphur level decreases the cost-factor increases - expo- 


tentially! There is often,a tendancy to avoid or even 
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deny the validity of cost considerations when considering 
environmental conservation. Those charged with bringing 
Alberta's vast resources to the market place, however, would 
be less than responsible if they were to ignore the costs of 
producing their product and hence establishing a fair market 
value '12), The quality of the environment will only be main- 
tained if the price to the end use consumer is kept at an 
acceptable level. The major influence of these cost/benefit 
considerations of tail gas clean-up methods will be in identi- 
fying those techniques which can be most easily and most 
economically incorporated into existing systems. In the long 
term, radical new technologies may lead to entirely different 
process systems, but current capital investment in sour gas 
processing equipment is such that for a number of years "add- 


on" improvements such as those discussed above will be those 


under consideration. 


Virtually all of the clean-up processes identified in 
Figure VII-7 have a common feature. Their cost increases 
almost linearly with the load placed upon them. That is, for 
any given process required to attain say, 99% desulphurization, 
the cost of an installation to handle a 5% sulphur content 
tail gas stream will be approximately twice that of a 2.5% 
snpiphuricontaining+tail gasredThistis particularlystruesot 
the solution processes where ability to handle a given sulphur 
loading is directly related to solution pumping capacity. This 
linear relationship between clean-up cost and sulphur loading 
is perhaps one of the greatest incentives to the industry to 
obtain every possible percentage point of efficiency out of 
the upstream units of the sulphur plant. Whether it be in 
the front-end reaction furnace or in the Claus catalytic 
converters every extra percent’ of conversion extracted 


there means that much less installed clean-up capacity 


of the tail gas. 
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Figure VII-7 also illustrates what might be regarded 
as a minimum cut-off for certain of the clean-up processes 
currently available. Rarely, under present operating pro- 
cedures, does a sulphur plant in Alberta have less than 600 ppm 
COS and CS, in its tail gas. Accordingly, for those processes 
lacking the capability to convert COS and cS. this must be a 
lower limit. Many plants, however, have much higher CS. and 
COS levels in the tail gas and clearly these levels will be 
the limit of clean-up capability, irrespective of H5S and 
SO. removal efficiency of processes that do not handle COS 
and CS.- The capital cost for full compliance with recent 
regulation has been estimated at between $30-40 million. 
Another figure which incorporates operating costs of tail 
gas clean-up units needed to meet present requirements is 
$25,000 to $35,000 per ton/day of sulphur produced by these 


units. 


There is no doubt that enhanced sulphur recovery in 
the 99% range will not be economically viable. The "benefit" 
is environmental protection. Table VII-2 tells the story of 
the value of sulphur on world markets over the period in which 
Alberta has become a major producer. The 1970/1980 comparison 
of effluent production and consumption makes it abundantly 
clear that as we strive to reduce the level of sulphur emitted 
to the environment by enhanced recovery, sulphur production 
will continue to move ahead of consumption growth with a 
resulting increase in the excess of supply over demand. Devel- 
opment of major new large tonnage uses for sulphur, may reverse 
the build up of sulphur inventory, but these new uses are not 
yet in sight. The cost of reaching into the 99% recovery 
efficiency bracket must then be viewed as a direct and un- 
diluted cost against the product of the sour gas industry 
that is in great demand - methane, the clean, calorific 


pipelineable product that more and more provides the energy 
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YEAR 


1971 
1970 
1969 

‘ics 
1967 
1966 
1965 
1960 


THe Rise AND Fatt oF SutpHur Prices 


PRODUCTION 


(TONS) 


44,500,000 
4,241,616 
3,714,120 
3,042,890 
2,168,604 
1,729,454 
1,589,586 

403,516 


SALES 
(TONS) 


2,800,000 
3,122,973 
2,619,246 
2,260,250 
2,188,645 
1,799,550 
1,818,104 

241,411 


Sates VALUE 
($(00) 


21,000 
2/ 8/1 
60,018 
73,050 
66,55/ 
38,/69 
25,253 
4 Su 
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PRICE PER 
_Ton ($)_ 


/ 
8,92 
22,90 
34,55 
30,40 
21,54 
JB yer 
20,06 
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demanded by those who enjoy the environment we struggle to 
Protect. 


Present requirements for clean-up do not exceed 99% 
or 10,000 ppm (1%) in the vented effluent. Bearing in 
mind the expotential cost increase with decreasing level 
of sulphur content in the effluent as demonstrated in 
Figure VII-7, some straightforward arithmetic suggests 
a figure of half a billion dollars may not be an unreason- 


able estimate of the cost of reaching 1000 ppm. 


tiehalta-biltion dollars jis) thesprices0f, nosincon- 
venience - and we have no assurance that even 1000 ppm 
effluent will provide that - would the improvement be 
worth the cost. What other benefits to society could be 
introduced for this cost? The cost, we should not forget 
will be borne by society directly or indirectly. Since 
the decision to proceed to yet lower emission limits will 
be made by government in the form of its regulations, 
government must consider its priorities and the justifi- 
Cation for asking society to pay halt a bildion dollars 


not to remove a hazard, but to reduce an inconvenience. 
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VIII COMMENTS ON ATMOSPHERIC SULPHUR DIOXIDE 


: Sulphur dioxide is one of the most misunderstood of 

the gases contained in the earth's atmosphere. On the 

one hand we know that sulphur is essential to life and that 
the greater part of our requirement is supplied from atmos- 
pheric sulphur dioxide. On the other hand we know that 

SO. can be harmful and can cause severe respiratory problems, 
and in cases of extreme exposure can result in unconscious- 
ness and death from suffocation. The question of whether 
sulphur dioxide is beneficial or detrimental hinges on the 


concentration of the sulphur dioxide in the environment. 


It is not generally recognized that there is a sulphur 
dioxide cycle in the atmosphere much like the well-known 
carbon dioxide cycle. It is estimated by the Stanford 
(ay) 


Research Institute that about 220 million tons per 

year of sulphur are introduced into the atmosphere, and a 
similar amount is removed therefrom. The chief sources 

are decaying organic matter, sea spray, and man-made 
pollutant emissions. Natural sources account for about 

2/3 of the total while man accounts for about 1/3. Of the 
total man-made emission, 70% is estimated as resulting from 
coal combustion and 16% from the combustion of petroleum 
products, mostly residual fuel oil. The remaining amount 

is accounted for by petroleum refining operations and by 
non-ferrous smelting. Thus out of the total anthropogenic 
sulphur dioxide only a very small part.comes.from gas pro- 
cessing. As a point of interest, it is estimated that about 
750 tons per day of sulphur are generated by the sulphur 
plants spread throughout Alberta, while over 3500 tons per 
day are emitted at one location in Ontario, i.e. Sudbury ‘*) , 
There is another significant factor in Alberta in that 


neither coal nor fuel oil are extensively burned in the 
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‘and these sources of sO. are almost nonexistent here. The 
demands of Alberta industry on the atmosphere to absorb 


SO, are comparatively small. 


Sulphur dioxide, then, in low concentration is a natural 
and essential component of the atmosphere. What is not 
generally realized is the fact that vegetation, which is 
the source of new protein, requires nearly the same amount 
of sulphur as phosphorus for satisfactory growth. Plants 
obtain sulphur they need by direct absorption of SO. from 
the air, by the absorption of sulphates which have been 
deposited in the soils by precipitation, and from the 
addition of fertilizers, Although, as previously noted, 
coastal areas receive sulphur from rain contaminated with 
ocean spray, inland continental areas are dependent on the 
gases in the atmosphere and man's supplementation of them. 
Many areas of the world are deficient in sulphur. These 
include 30 states in the United States, 5 Canadian provinces, 
and areas of Western Europe, Latin America, Australia, New 
Zealand and Asia. When sulphur-containing fertilizers are 
applied to crops deficient in sulphur, the responses are 
often dramatic. Crop yield increases of 1000% or more have 
been reported. A study of the consumption of plant nutrient 
in North America indicates a potential use of about 2.8 
million long tons of sulphur annually in the United States 
(3) Dr. D. R. Walker of the Canada Department 
of Agriculture Research Station at Lacombe, Alberta has 


and Canada 


examined the relationship between sulphur oxide emissions 


into the atmosphere and the sulphur content of Alberta 


(4) 


soils. He found that sulphur requirements for various 


crops were as follows: 


Cereals =. 4.—, 5 pounds. —.per acre 
Legumes - 8 -10 pounds - per acre 
Grasses - 6 =- 8 pounds - per acre 


Rapeseed 10 -20 pounds - per acre 
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. Studies have shown that a sulphur deficiency exists in 1/2 - 
2/3 of the gray wooded soils of Central and Northern Alberta. 
The emissions from sulphur plants in Central Alberta were 
examined and it was found that the annual deposition of 
sulphur was 2 - 4 pounds per acre. Since a portion of this 
is lost in surface run-off, the amount of sulphur available 
to plants will only be part of the total requirement. 

Dr. Walker concluded that "The present levels of sulphur 
oxides in the atmosphere in Central Alberta would seem to 

be contributing insufficient sulphur to the soils of the 
area to eliminate the sulphur deficiency that exists, 

except perhpas where the dificiency is marginal." 


Concern is occasionally expressed regarding the oxidation 
of so, to sO, in sunlight and the subsequent combination 
with water to form H,SO, aerosols. Dr. Linzon ‘*) of the 
Ontario Department of the Environment states that the rate 
of photooxidation is between 0.1% and 0.2% per hour. It 
is more rapid where hydrocarbons and nitrogen oxides are 
present, which could be the case within the plume of the 
sulphur stacks. In any case the size of the aerosol droplet 


(1) 


is stated by Robinson and Robbins to average about 1 
micron, or 1/1000 of a millimeter. These droplets are 

so small as to stay suspended in the air, until removed by 
some mechanism such as precipitation, and they are so thor- 
oughly dispersed as to be insignificant in effect. It has 
been shown that even when in an experiment the droplets 
formed a mist so dense that visibility was reduced to 3 
feet, they failed to produce injury to alfalfa and sugar 
beets. It has been determined that of the total mass of 
sulphur compounds in the atmosphere, 65% is in the aerosol 
form. Thus the formation of H.SO, aerosols is a normal 
atmospheric phenomenon and is not considered harmful in 


normal concentrations. 
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A study of sulphate in Alberta precipitation was made 
by Summers and fe tchonn a. of the Research Council of 
Alberta because of two observations. The first was that 
soil scientists had noted a decrease in the sulphur defic- 
iency of some Alberta soils. The second was the marked : 
reduction of hail activity in Central Alberta since 1961 
and at the same time an increase in the number of reports 
of soft hail. The study determined that, in the summer 


months, a considerable fraction of the SO, from a particular 


2 
sulphur plant was oxidized and deposited as sulphate within 
a radius of 25 miles of the plant. However, in the winter 


months they state that the SO. travels a longer distance 


from the source before being ein from the atmosphere. 
Robinson and Robbins estimate the life of sulphur dioxide 
in the atmosphere to be 4 days. Since the air circulates 
in a local concentric pattern and the systems move across 
the continent at a relatively slow rate of speed it is 
probable that there will be substantial removal of SO. in 
the winter within Alberta, with additional deposition in 
Saskatchewan and Manitoba. The important consideration 
here is that in the Growing season the sulphur emissions 
from Alberta gas plants are deposited within Alberta and 
utilized by crop vegetation. The emissions are not wasted 
and they should contribute little to the general background 
level of SO. 


deposited and utilized in the same general area where they 


in the world atmosphere inasmuch as they are 


are generated. 


A reduction in sulphur emissions resulting from increased 
sulphur plant recovery requirements will actually contribute 
to sulphur deficiencies in the soil, at the same time in- 
creasing the sulphur which will be stockpiled and will ey 


useless for the foreseeable future. To quote Jan Platou 


of the Sulphur Institute of Washington, D. C., "We are thus 
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faced with the paradox that some of the sulphur we take out 
of the stack will have to be put into fertilizers to get it 
back into the soil, where it would have ended up if we had 
not taken it out of the stack in the first place." 
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